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’ Partner with the automobile in the 
development of modern transportation 
partner in the Victories of two 
World Wars... STA-VOL-ENE the ‘‘Nat- 
ural’’ known throughout the World, is 
now ready for peace time cargoes to 
World Markets. 
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MICRO-CRACKS 


Fine check cracks, invisible to 
the naked eye, will lower duc- 
tility and corrosion resistance. 
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POROSITY 


Sound mefal is the only 
assurance of full strength 
and corrosion resistance. 


CONVEX FILLET 


Poor fillet contour 
causes dangerous stress 
concentrations af the 
welded joint. Engi- 
neers insist on smooth 
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INCOMPLETE PENETRATION 


“Cold corners’’ porticulerly in 
vertical welding leave zones of 


WHAT PRICE 


DEFECTS 


in ALLOY WELD METAL? 





Sound welds don’t just happen — and 
very often thousands of dollars’ worth 
of equipment depends on the sound- 
ness of a relatively few dollars’ worth 
of alloy weld metal. 


Defective welds don’t pay off — if a 
weld fails, the reputation of your prod- 
uct or service is in jeopardy; even de- 
fects that can be repaired put you to 
needless expense. 


When so much depends on so little, 
be sure — buy Arcos Alloy Electrodes. 
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INFORMATION 


Successful alloy welding of- 
ten depends on having com- 
plete, correct information. 
Here is a text book in wall 
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SLAG INTERFERENCE 


A boll of slag which 


rens ahead of the arc 
becomes a nuisance to 
the operator. 
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UNDERCUTTING 


improperly designed 
electrodes cause under- 
cuts which may cause 
failure. 


FINGERNAILING 


Fingernailing is caused 
by failure of electrode 
manufacturer properly 
to control his electrode 
processing. 
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INCOMPLETE SLAG 
REMOVAL 


Slag difficult to remove 
is often not completely 
removed and results in 
slag entrapment by 
subsequent layers. 
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rugged controller that gives you 


ACCURATE PRESSURE CONTROL 





AT LOW COST 





The Masoneilan No. 2500 Pressure Controller gives plants accurate, 
dependable instrument control at a price no greater and often at a lower cost 


than other less efficient methods. 


Typical pressure control applications where these controllers are improving 
quality include reducing service on primary or auxiliary steam lines, turbine or 
bleeder make-up, pump discharge pressure control, heating and evaporating 
systems. The No. 2500 is available for control of pressures between 30 inches 


vacuum and 500 pounds. 


Masoneilan No. 2500 Pressure Controllers are rugged, simple and economical 
to operate. And although they are relatively inexpensive, they are built to the 
same high standards of quality materials as all other Masoneilan equipment. 


Bulletin 2500 gives the entire story. Write for your copy today. 
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| | SERRE stands of the elements in in- 
dustrial controversy of this nation leave no doubt 
that much more than an increase in wages is at 
stake. Those in charge of the effort to gain more 

money expect to gain that; still, the 


New _ strategy in evidence is convincing that 
Y the expectation is to gain more. The labor 
ear 


leader wants a place around the manage- 
ment table in corporate affairs. 

That men of management are determined not to 
yield is evident. The two positions give the pros- 
pect for 1946 anything but the rosy hue in which 
all predictions for a New Year should be made. 
Frankly, the prospect for 1946 is a paradox, It is 
doubtful ‘that the world ever before needed so 
much production; it is doubtful that the produc- 
tion will be accomplished in 1946. Instead of going 
forward, industrial movement is backward. 

The furore surrounds strikes and higher wages. 
At stake is the matter of a change in methods of 
management. 

The fundamental question before industry is: 
should its division of labor have a place in man- 
agement? 

To admit that men who operate the tools of 
industry deserve a voice in management falls short 
of answering the question. These men can con- 
ti:bute to the success of management. But it is 
doubtful that they will contribute to success if 
they gain their place without moving by accom- 
plishment rather than force. 

The labor leader evidently is not disposed to 
take both sides of the obligation that comes in 
management. He wants earnings considered in 


fact-finding, still he says nothing about accepting 
a reduced wage where earnings are small or losses 
exist. If high earnings are a justification for high 
wages, it follows that low earnings are justification 
for low wages. 

In law there is a classic observation on the mat- 
ter of the man who asks for equity must grant 
equity. Until the controversy as to wages comes 
out into that broad plain of give and take, the 
prospects for 1946 are not bright. It looks like 
the industrial cloud will be larger and darker 
before the sun breaks through. 


‘Beason the joint contributions of Sun Oil 
Company and Houdry Process Corporation, petro- 
leum research is giving biological chemistry an- 
other means of conquering disease. Two plants are 

being built for increasing the out- 


To Serve put of C-13, the heavy-carbon iso- 
" trope, which in biological research 

Hurnanity _... 7 hed sat. 
is used as a tracer in probing the 


secrets of the fundamental proc- 
esses that occur in all living things, as well as 
metabolic disease processes, of which cancer, di- 
abetes, hardening of, the arteries and so-called 
‘heart trouble’ are examples. Indistinguishable 
chemically from ordinary carbon, C-13 is absorbed 
in living tissue and undergoes the same metabolic 
process as does ordinary carbon. But where ordi- 
nary carbon cannot be traced as it passes through 
these intricate chemical reactions, which are the 
process. of life itself, C-13.can be detected by the 
use of an electrical instrument called the mass 
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Keeping high temperatures from running wild . . . that’s the tough 
problem for many a heat processor! It confronted this big manu- 
facturer eight years ago, in conjunction with ‘“French-frying” a 
food product... ‘a delicate operation, absolutely dependent upon 
careful temperature control. 


His solution? A Dowtherm vapor heating unit . . . still in dependable 
operation today . . . still giving the even, “disciplined” heat (375°- 
400° F.) necessary to prevent ruining of batches from overheating or 
underheating. One of the company officials says this about Dowtherm: 


“We put it in because it was the only process which would give 
us the control in our cooking oil that we required. Since that 
time, we have been more than pleased with its operation; and if 
and when additional expansion on this particular unit is con- 
templated, it most certainly will be Dowtherm heated.” 


Dowtherm is handling difficult jobs like this for many industries. 
Hundreds of users depend on Dowtherm’s precise, low-pressure 
operation for greater product uniférmity . . . reduced upkeep costs 

increased safety in high-temperature processing up to 725° F. 
Check Dowtherm against your heating problems! Dow will be glad to 
send you full details. 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York . Boston . Philadelphia . Washington ° Cleveland ° Detroit 
Chicago . St. Louis . Houston . San Francisco - Los Angeles . Seattle 
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spectrometer and identified with specific bodily 
functions.” 

The quotation above was from the joint release 
of the two companies, which will build two plants 
in which output of C-13 will be multiplied 500 to 
1000 times and, “carbon 13 will be made available 
without cost to qualified non-commercial biological 
and medical research organizations whose activi- 
ties and experience justify such donations.” 


= after the fruits of research have been 
converted into merchandise is it possible to esti- 
mate its value in dollars. It is true that dollar 
valuation is easily understood but the restriction 
thus applied to research robs it 
of its romantic appeal. This ro- 
mantic appeal offers industry 
one of its best means of gaining 
public appreciation, still it is 
seldom that the public relations expert comes 
forth with an estimate that is limitless in appli- 
cation. 

Even the men who make the merchandise that 


Romance of 
Research 


has its beginning in research seldom appreciate 
the appeal that lies in the backing and filling, the 
successes and the failures that make up a research 
program. In hundreds of instances a by-product of 
a research effort comes to have value far greater 
than the primary objective of the program. In- 
stances of this nature are material out of which 
appealing copy can be written. The workmen who 
finally convert the accident of the laboratory into 
something useful to mankind can be reached by 
a presentation of how it came about. 

Research, a frontier without limitations, makes 
jobs by the millions but the millions who have the 
jobs have few opportunities to learn how it came 
about. They owe no debt to research simply be- 
cause they have not had opportunity to realize 
their obligation. 

Research in the hands of men with imagination 
has value far beyond what it contributes in ma- 
terial goods. Properly used it could solve some of 
the difficulties that beset management. 


|= IS encouraging to note the promptness with 
which design engineers have accomplished small- 
scale catalytic-cracking plants. During the war it 
was not reasonable to devote time to this trend 

and some ugly remarks came from the 
Small side lines, all to the effect that the newer 
processes were certain to kill the small 
Scale refining plant. 

Already this has changed and the de- 
sign engineer has but started on his program of 
reducing size, cost and maintenance of these units. 

These accomplishments are a tribute to free 
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_ Expansion 





enterprise, for there is competition between patent 
holders. Each wants more returns from royalties 
and the result is an expansion into smaller plants. 


SA the outstanding increase 
in plant construction over the next three years 
in petroleum circles will be for units for recover- 
ing and processing the lighter hydrocarbons. The 
} natural-gasoline plant, the cycling 
plant and the pressure-maintenance 
plant hold top billing. 

During the war the uses of these 
lighter hydrocarbons were multi- 
plied. Furthermore, waste of oil field gases de- 
serves the disapproval it is gaining. Finally, 
chemical manufacture from petroleum has its best 
war material in the gases. 

Two articles in this issue of PETROLEUM REFINER 
deal exhaustively with the situation in light-hydro- 
carbon processing. 


First in 


‘bel FFIC that crowds the streets and highways 
of the United States after four years of war is a 
tribute to the automotive industry. Few gave it 
proper credit for its sound engineering and sturdy 
workmanship when Pearl Harbor shifted 
Still its assembly lines to war machines. Even 
in its own industry, men made predictions 
At It that have not come true. More cars are 
running than was considered possible. 

It is fortunate that the petroleum industry is so 
closely linked with this outstanding industry. In 
fact the oil industry should give all credit to the 
automobile. .Without it, there would be but a 
puny demand for fuels and lubricants. 

And it is to be hoped that the clash within the 
automobile industry is shortly settled, so the peo- 
ple of the United States can have the new cars 
they want and deserve. 


Ix A debate with Anton J. Carlson, University 
of Chicago, John W. Anderson, president of the 
National Patent Council, said: 

“Those who believe that compulsory patent 
licensing will contribute to competi- 
tive enterprise are mistaken. The ex- 
Patent he ARE S.! é 

clusive right to manage a new inven 
Defense tion for the traditional period of 17 

years is the best incentive that society 
has ever found to encourage the creation of new 
products and the commercialization of them. 

“The share-the-invention philosophy destroys 
incentive just as does every plan for forcing the 
sharing of property by those whose diligence pro- 
duced it with those who do not produce.” 
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are handling responsible drive jobs in so many 
tough spots, in such a wide diversity of applica- 
tions, with such a high degree of success and 
satisfaction, that their reliability and general 


value are no longer a matter of question. 


If you need turbines that require a minimum 


Driving HOT OIL PUMP of maintenance, that will stand up in continu- 
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— er ous service, that will operate dependably any- 
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where —talk it over with the Elliott turbine 


engineer or write for the Turbine Bulletin. 


ELLIOTT COMPANY 


Steam Turbine Dept., JEANNETTE, PA. 
Plants at: JEANNETTE, PA + RIDGWAY, PA. 


SPRINGFIELD, OHIO e NEWARK, N. J. 
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Action of Lube Oil Detergents 





On Automotive Engines 


FRANKLIN M. WATKINS, Chemical Engineer 
Research and Development Department, 
Sinclair Refining Company 


Wionens automobile engines are designed with 
a precision formerly attributed to watches. In these 
complicated assemblies each working part is depend- 
ent upon every other working part for carrying out a 
specific function on time and with the least possible 
mechanical effort. Only when each part is functioning 
properly and is lubricated so well that it operates 
with minimum resistance can that engine develop 
maximum efficiency. Wherever possible, designers 
have allowed ample clearances in the lubricating-oil 
systems, so that sufficient oil will flow to vital parts 
even when excessive deposits have formed. However, 
the best engine designs have been unable to avoid 
occasional ring sticking, and plugging of oil lines 
followed by decreased oil flow to a bearing, and 
eventual failure of that bearing. At best, there is an 
accumulation of sludge and varnish on most engine 
parts by the time they are torn down for periodic 
overhauling. 

Deposits found in the lubricating-oil system of an 
engine vary widely in chemical composition, in physi- 
cal state, in appearance, and in the manner in which 
they are formed. These deposits are comprised of 
organic materials formed by oxidation, of jubricating 
oil and fuel, as well as inorganic particles worn from 
the engine, and foreign matter, such as dust, drawn 
into the engine through over-loaded or inefficient air 
breathers. The oxidation products of oil and fuel in- 
clude partially oxidized, oil-soluble molecules, such as 
acids, soaps, and esters. Oil-insoluble bodies—sludge, 
tars, and gums—are formed as oxidation proceeds, In 
the high-temperature regions of an engine, as on the 
under side of the pistons, oxidation is very rapid and 
is accompanied by thermal cracking, which forms 
carbonized and carbon-like particles. Soot is formed 
by incomplete combustion of fuel in an engine which 
is not properly adjusted. Part of this soot works 
down past the piston rings and is thereafter carried 
by the lubricating oil and finally deposited. Inorganic 


materials found in an engine include iron and alumi-. 


num worn from engine parts, bearing metals, lead 
oxide and lead bromide from leaded gasoline, silica 
from dust, and even water. These materials differ 
widely in their chemical and physical properties. 
None the less, the efficient detergents available today 
prevent or minimize deposition of all of them. 
Generally speaking, a detergent is a cleansing 
agent. In lubricating oil terminology, however, de- 
tergency has a wider reference. Detergents present 
in modern oils are expected to maintain a celan 
engine as well as to aid in cleaning an engine already 
containing deposits. Thus an-oil which leaves a clean 
engine may be said to have a high degree of de- 
tergency. Synthetic detergents, however, are not 
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solely responsible for engine cleanliness, for deposits 
are formed in many ways, each of which contributes 
to the total, and any factor which eliminates one 
source may aid in effecting an overall improvement. 
Antioxidants retard deterioration and in some cases 
may thereby be said to exhibit a mild detergent 
action. Oils themselves differ in the rate at which 
they form and deposit sludge, Naphthenic oils for 
example dissolve more sludge than paraffinic oils but 
oxidize more readily to form oil-irisoluble materials. 
As a result they appear to have greater detergency 
under mild test conditions but less detergency under 
severe test conditions. 


Chemistry ‘of Detergents 


Chemically speaking, the common detergents are 
oil-soluble metal salts; usually salts of sodium, potas- 
sium, calcium, magnesium, barium, aluminum, or 
cobalt. Their molecular weight varies widely but is 
usually in the range of 500 to 1000. They may be 
classified in the following general groups, based on 
the identity of the organic radicle which is attached 
to the metal atom; soaps, phenoxides, phosphates 
and sulfonates. 

Soaps have a common formula (RCOO),M, where 
R stands for an easily oil-soluble organic radicle, C is 
a carbon atom, O is an oxygen atom, M is a metal 
atom, and n is the valence of the metal atom. Among 
detergents in this group may be mentioned the fol- 
lowing : 

Aluminum soap of naphthenic acid;’ 

Calcium soap of oxidized oil acids;? 

Calcium soap of rosin or abietic acid;* 

Calcium soap of 9- or 10-phenyl-stearic acid ;* 

Cobalt or barium soap of wax alkylated salicyclic acid.* 

Soaps are usually strong pro-oxidants, and many 
have limited oil solubility. Early patent disclosures - 
indicated that some of these soaps stabilize the color 
of a lubricating oil, and therefore they were often 
classified as antioxidants. Actually, being strong pro- 
oxidants they probably act as color stabilizers by 
directing the formation of oxidation products of good 
color. This pro-oxidant effect is stronger in some 
soaps than in others, since it is influenced by the 
ratio of metal to acid in the soap, by the metal used 
(aluminum vs. calcium etc.) and in a minor degree by 
the organic portion of the molecule. Nevertheless, it 
usualy can be eliminated by using large quantities of 
very effective and costly antioxidants, 

Most of the soaps included in the classes listed 
above are sufficiently oil soluble to be used in con- 
centrations of 1 to 2 percent in naphthenic qr Mid- 
Continent oils. It is doubtful that many of them 
would be soluble in higher concentrations, or that 
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they would be soluble to the extent of 1 to 2 percent 
in the high-viscosity-index Pennsylvania oils. When 
they are used for the lubrication of engines equipped 
with babbitt bearings, and are run under mild loads, 
they usually give remarkably clean engines. Many 
soaps of other acids are known, but most of them 
have much lower molecular weight, lower oil solu- 
bility, and cannot be used in oils. 

The phenoxide or phenolate group of detergents 
includes many synthetic products with unusual prop- 
erties. They have enabled lubricating-oil engineers 
to produce superior oils for specialty use as well as 
improved engine lubricants which are vastly superior 
to those that were available before the development 
of phenolates. 

Calcium phenoxide is the simplest compound of this 
type. 


CH=CH (HCH 
CH CO-ca~0c ‘CH 
~ 4 NY a 
CH-CH CH~CH 


Obviously, this low-molecular-weight phenolate 
would be oil-soluble to a very minute degree. Phen- 
oxide detergents are prepared by replacing one or 
more of the hydrogen atoms from each benzene ring 
with organic groups which increase the molecular 
weight and oil solubility. Detergents in this class, 
include the folowing: 

Calcium cetyl phenoxide® 

Barium or Cobalt phenolate of wax alkylated phenol’ 

Magnesium lauryl salicylate® 

Calcium octyl salicylate’ 

Barium phenolate of diamyl phenol sulfide” 

Calcium phenolate of monoalkylated phenol sulfide poly- 

mers” 

Phenoxides of magnesium, calcium and barium, as 
we would expect from a salt of a weak acid and a 
strong base, are strongly alkaline. In some cases they 
are strong anti-oxidants and for some uses do not 
‘require additional anti-oxidants or corrosion in- 
hibibitors. 

Phenoxides may act as anti-oxidants by decompos- 
ing peroxides as fast as they are formed, or in effect 
by destroying peroxides so quickly that basic oils are 
substantially free of those active pro-oxidant cata- 
lysts. This is substantiated by the fact that hydrogen 
peroxide is much more stable.in acid or neutral solu- 
tion than it is in alkaline solutions. Oils containing 
many of the phenolates oxidize at a very low rate 
until all basicity is used up and thereafter at a rapid 
rate, The effect of basicity is especially pronounced 
in oils containing soaps. Oils containing basic soaps 
usually oxidize at a very low rate just as long as 
some basicity remains. However, when that basicity 
is exhausted and the soap becomes neutral, or when 
an excess of acid is present, these same soaps catalyze 
oxidation at a very rapid rate. 

Some phenoxides have remarkably high oil solu- 
bility. For example, less than 1 percent calcium 
stearate whose molecular weight is 574 would be 
solubie in oil. However, calcium octyl salicylate, 
whose molecular weight is 538, is soluble in oil in 
all proportions. This phenominal difference is_be- 
lieved to be due to secondary valence forces between 
the calcium atom and the carbonyl group, forming a 
double chelate ring structure: 


LuCH CH*CH 
CH Re p<. oH 
“cH Ca C-CH 
Rin’) ; 
CgHi7 CgHi7 


Some of the phenolates from sulfurized phenols also 
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exhibit high oil solubility, and it is probable that here 
again chelation is responsible. Several other pheno- 
lates which possess this remarkable oil solubility are 
known, and are being studied as detergents, and it 
is not unreasonable to predict that once products such 
as ortholauroyl phenol®® are commercially available, 
even greater strides will be made in production of 
clean-running crankcase lubricants. 

Two types of phosphates have been used as lubri- 
cating-oil detergents. One type is the salt of high- 
molecular-weight di-esters of phosphoric acid; the 
second is a complex reaction product of phosphorus 
pentasulfide, high-molecular-weight hydrocarbons or 
olefins, and potassium hydroxide. Some of the high- 
molecular-weight di-esters of phosphoric acid form 
oil-soluble salts. They may be prepared by reacting 
cetyl phenol with phosphorus oxychloride to form 
dicetylphenyl phosphoric acid chloride. This is hy- 
drolyzed to the free dicetylphenyl phosphoric acid 
which reacts with slaked lime to form the oil-soluble 
detergent, calcium dicetylphenyl phosphate.’* The 
second detergent may be prepared by reacting high- 
molecular-weight hydrocarbons or olefines, such as 
octadecene, wax olefines, or isobutylene polymers 
with phosphorus pentasulfide at high temperature and 
pressure. This preliminary reaction product is then 
treated with steam and potassium hydroxide to form 
a product containing phosphorus, sulfur, and potas- 
sium." 

The phosphoric acid di-esters are very strong acids, 
and their salts are substantially neutral. The salts 
usually are not pro-oxidant and therefore may be 
used with mild antioxidants or a small amount of the 
more powerful anti-oxidants. 

Petroleum mahogany sulfonates, the fourth impor- 
tant group of detergents, have several characteristics 
which make them particularly useful detergents for 
lubricating oils. These materials have the formula 
(RSO,),M, where R is an organic radicle, S is a 
sulfur atom, O is an oxygen atom, M is a metal 
atom, and n is the valence of the metal atom. They 
may be produced in almost unlimited quantities by 
treating petroleum oils with fuming sulfuric acid, 
separating oil-insoluble acid sludge, and finally ex- 
tracting the oil-soluble mahogany sulfonic acids from 
the treated oil, as the sodium salt. They were origi- 
nally produced in this manner from low-cost raw ma- 
terials, as a by-product of white-oil manufacture. 
More recently, as is the case of many a product, the 
by-product sulfonate has been in greater demand 
than the white oil, and processes are now being used 
which operate principally for the manufacture of 
sulfonates. 

Calcium mahogany sulfonate” is the salt most com- 
monly used, although the sodium salt is sometimes 
used as a detergent. Sulfonates of most of the other 
common metals have been described in the patent 
literature for special uses. Calcium sulfonate is a salt 
of a very strong acid and a strong base, and it re- 
mains substantially neutral on ionization. 

Mahogany sulfenates are exceptionally resistant to 
thermal decomposition even at the elevated tempera- 
tures commonly found in engines on the upper piston 
surfaces and around the upper piston rings, Calcium 
sulfonate shows very little decomposition even after 
several hours exposure at temperatures of 600° to 
650° F. Since these sulfonates do not decompose at 
piston-surface temperatures, they mainfain clean sur- 
faces on piston, %erating at low temperatures as 
well as on those surfaces operating at high tempera- 
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tures. Their ability to maintain clean high-tempera- 
ture areas is in marked contrast to detergents which 
solubilize sludge in the low temperature regions of 
an engine and then decompose on hot areas, deposit- 
ing thereon their own decomposition products in 
addition to solubilized sludge. 

Some of these sulfonates have another property 
which favors their use in engines which operate at 
low temperatures. They are strong rust inhibitors, 
so that when they are present, there is little chance 
that moisture condensing in cold crankcases will 
cause rust. 

In addition to these four major classes of deter- 
gents, there are a multitude of minor modifications 
of these basic compounds and of other compounds 
which exhibit detergency to a relatively minor de- 
gree, or which, because of some natural deficiency, 
can be used only for special services. These include 
alkoxides,® amines,’® carbonates,’ carbamates,' 
esters,’® etc. There are also special detergents which 
contain other functional groups within the same 
molecule. These include the phenolates of diamyl- 
phenol sulfide, wherein sulfur acts as an antioxidant 
and film-strength agent. Another example wherein 
the detergent serves two purposes is the barium salt 
of bis-(amylphenol) and thio-phosphate. 


Physical Action of Detergents 

The action of a detergent is an engine is physical 
as well as chemical. Detergents have been graded by 
their ability to maintain finely divided carbon par- 
ticles in suspension in a hydrocarbon. This physical 
action results from association between the polar 
detergent molecules and carbon particles or any 
other polar body, such as a particle of metal or the 
surface of a bearing. Polar material formed in or 
washed into a straight mineral oil tends to stick 
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together or to the polar engine surfaces. In com- 
pounded oils these polar bodies combine with the 
detergent. The detergent then forms a protective 
layer of stable oil-like material around the foreign 
body, retarding its tendency to bind to another polar 
body and agglomerate. In this manner, the polar 
detergent layer aids in maintaining foreign bodies 
as finely divided, freely suspended particles through- 
out the oil. 

Polar forces which bind detergents to sludge and 
carbon will bind them to polar solids such as filter 
clays. As a result, oil filters which clean oil by filter- 
ing through a bed of clay remove detergents from the 
oil by absorbing the detergents on the clay. Remov- 
ing the detergent, of course, decreases the oil’s ability 
to maintain oxidized products .in suspension, and 
thereby destroys part of the oil’s value. As a result, 
detergent oils are not usually recommended for 
engines equipped with clay filters. 

Non-polar filters of the cloth, edge, or mesh type 
also remove some detergent, but their action is bene- 
ficial by comparison to-clay filters. Their tendency to 
remove detergents is most pronounced when a large 
volume of sludge is observed on the surface of filters 
and on engine parts. This action is easily ‘explained 
as follows. When a detergent attaches itself to a 
relatively large particle of oil-insoluble material, the 
combination may remain suspended in oil until it 
reaches and is removed by a filter. The detergent is 
then lost,.but it has accomplished its purpose of 
carrying insoluble particles away from vital engine 
parts. 


Compounded Oils Now in Demand 
As engines were changed to produce a greater 
horsepower output, the crankcase oil used was ex- 
pected to lubricate bearings operating at increased 
bearing pressure and to help cool pistons through 
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FIGURE 2 


which more and more heat was dissipated. Straight 
mineral oils, operating at higher temperatures and 
oxidizing faster, had to be changed more and more 
frequently to offset their increasingly rapid deteriora- 
tion rate. As a result, compounded oils were devel- 
oped to meet the increasing demands on lubricating 
oils. Compounding is now so efficient that when the 
new oils are correctly used, they will extend the 
time between oil drains and engine overhauls, and 
will increase the efficiency of engine operation in 
spite of increased total horsepower ovtput. In one 
particular test run on a high-detergency oil, General 


Motors diesel engines ran more than twice the usual 


mileage before oil consumption increased to the 
figure at which these engines were arbitrarily called 
into the shop for complete overhaul. The same oil 
has now been used in a G.M. Mack bus engine in 
continuous heavy duty service for 150,000 miles with- 
out overhaul. Similar engines operating on straight 
mineral oils and with the same schedule have re- 
quired complete engine overhaul at 90,000-mile 
intervals. 

Compounded oils, however, will give this improved 
engine performance only if they are used correctly. 
Compounded to meet the rigid requirements of 
several severe engine tests, they must withstand 
deterioration and soiubilize the oil oxidation products 
that inevitably form during these operating condi- 
tions. When the amount of oxidation products and 
sludge exceeds that for which the oil was com- 
pounded, as a result of faulty engine operation, or 
of using the oil too long, or for some other reason, 
deposits will form and operating efficiency must 
eventually suffer. 

Laboratory test engines provide the yardstick for 
development of oils and for predicting oil behavior 
under actual heavy-duty service. Run under con- 
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tinuous heavy-load conditions which cause oil deter- 
ioration at an accelerated rate, these engines in a 
few laboratory test hours break down oil that will 
hold up a much longer time in actual service. Re- 
sults obtained in laboratory engines are shown in 
Figures 1 to 4 inclusive. Figure 1 shows the push- 
rod-cover plate and the rocker-arm-cover plate of a 
Chevrolet test engine after it has run for the stand- 
ard 36-hour test on a conventionally refined Mid- 
Continent oil. This oil has deposited a considerable 
amount of sludge and varnish throughout the engine. 
Rated on an arbitrary basis of 100, which represents 
no deposition of sludge or varnish on the various 
engine parts, this oil was given a rating of 68. The 
connecting-rod bearings lost an average of 300 mg. 
due to corrosion and wear during the test. This 
engine test is so severe that a conventionally refined 
oil gives excessive amounts of sludge and varnish 
deposits and high bearing corrosion. 

In contrast, Figure 2 shows the push-rod-cover 
plate and the rocxer-arm-cover plate from a Chevro- 
let engine test run under the same conditions on a 
compounded lubricant. The push-rod-cover plate 
holds only a small amount of sludge which easily 
wipes off, and no varnish. The rocker-arm-cover 
plate is stained with used oil, but has no deposit of 
varnish or sludge. The total varnish and sludge 
rating for this lubricant was 97. The bearings lost 
only 81 mg. per whole bearing in this test, a reason- 
able figure since it includes the mechanical loss from 
breaking in a new bearing as well as the loss due to 
corrosion. 7 

The same compounded lubricant is a clean running 
oil for diesel engines. Figure 3 shows the piston from 
a single-cylinder Caterpillar diesel-engine test. Figure 
t shows a close-up view of this piston in which the 
tool marks are still visible on each piston ring. Only 
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a smal! amount of thin black lacquer and no carbon- 
ized oil is visible in the ring grooves, and there are 
no deposits on the ring lands or piston skirts. 
Physical association between detergent and polar 
bodies causes pronounced differences in the appear- 
ance of used straight mineral oils and used com- 
pounded oils. A compounded oil carries dark-colored 
products in solution or suspension, hence will have 
a dark or dirty appearance compared to a straight 
mineral oil, which immediately precipitates fuel soot 
and other dark-colored bodies. As a result, new 
standards for judging used oils must be used. A 
compounded oil which on superficial examination ap- 
pears dark and worn out by former standards may 
still retain the major portion of its useful life. 
When its useful life is exhausted, a compounded 
oil may be recovered only by a procedure more com- 
plex than any hertofore used on straight mineral 
oils. Distillation to remove gasoline, followed by a 
light acid or clay contact can remove foreign bodies 
and. oxidized oil, but at best it will produce the 
equivalent of a straight mineral oil. Complete re- 
covery would require recompounding with inhibitors, 
detergents, etc., to re-establish the original quality. 
Engine operators who are using compounded lub- 
ricants for the first time will obtain the best results 
by using them in new or reconditioned engines. In a 
new engine, the detergent action of these lubricants 
prevents deposits and maintains cleanliness, When a 
compounded oil is put into an engine which is still 
in good mechanical condition but contains sludge, 
it may clean up.the existing deposits and still give 
a long service life. Compounded oils, however, should 
be used cautiously in these engines to avoid the 
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FIGURE 4 


sudden release of large amounts of sludge in the form 
of coarse particles which might plug oil lines and 
cause decreased oil flow to vital parts. It is advisable 
to start them on a detergent type of oil by running 
the first oil change for a few hours, and then drain- 
ing the oil together with its load of loosened, sus- 
pended sludge. Subsequent changes can be run prog- 
ressively longer, and will gradually loosen more 
firmly attached deposits. Two or three oil changes 
may ‘then be advisable before the oil is allowed to 
run for a normal drain period. 

Compounded oils are not recommended for dirty 
engines in poor mechanical condition. Piston rings of 
engines in this condition usually are plugged with 
carbon and sludge. Detergents have been known to 
wash out these plugs so that the rings no longer ef- 
ficiently return oil to the crankcase. 

Indiscrimate mixing of compounded oils occa- 
sionally will result in loss of quality. A first-quality 
oil could be prepared using a pro-oxidant detergent 
with a high concentration of an acidic inhibitor, an- 
other with an alkaline detergent plus a relatively low 
concentration of inhibitor. Mixing these lubricants 
would give a lower average inhibitor concentration, 
and some reaction between the acidic inhibitor and 
the alkaline detergent. Such mixtures have given in- 
ferior engine test results. United States Army speci- 
fications guard against gross incompatability by test- 
ing mixtures of a new oil with approved oils, but 
their tests are not adequate to insure minor loss of 
quality. 
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Utilization of Natural Gas 
In the United States 


G. G. OBERFELL, Vice President 
Research and Development, Phillips Petroleum Company 


| the largest volume use of natural gas 
has been, is and in all probability will continue to 
be as a fuel for domestic and industrial heating, the 
various market outlets for natural gas, both as a fuel 
and as a raw material for the chemical industry, con- 
tinue to be an interesting subject, particularly in this 
period of unexcelled industrial and research activity. 
Much has been written in recent years on the subject 
of natural gas, as is evident from the voluminous 
literature. The best that I can hope to do in this 
paper is attempt to condense and correlate the avail- 
able information and make predictions as to the prob- 
able future of the natural-gas industry. 


Ay EXAMINATION of the past and present uses of 
natural ges clearly indicates its superior qualitities for 
fuel purposes. While considerable quantities are em- 
ployed in carbon-black plants, nevertheless such use dis- 
appears when higher-priced markets and pipe-line out- 
lets become available. The future prospects of the’ use 
of natural gas for fuel purposes is very bright. It is ex- 
pected that as more value is placed upon this com- 
modity and transportation facilities are increased, less 
natural gas will be used in present low-priced markets. 

Natural gas as a raw material in the manufacture of 
chemicals is of considerable economic importance to the 
chemical industry, but the quantity of natoral gas used 
for prodvcing chemicals is and probably will continue to 
be relatively small in comparison to the amount used 
for other purposes. 

Natural gas is a more economic raw material than 
coal for conversion to liquid hydrocarbons by the Fischer- 
Tropsch process. Modifications of the Fischer-Tropsch 
process, using natural gas, undoubtedly will find useful 
applications, particularly where the process can be com- 
bined with other processes or with existing facilities. 
The production of natural gasoline and the manufacture 
of chemicals afford opportunities for such combinations. 
However, without the economic advantages of such com- 
binations, the available information indicates that as a 
means of producing gasoline alone the Fischer-Tropsch 
process would not be competitive with present refinery 
operations, using crude oil as a raw material, under 
present prices. Furthermore, the peak of gasoline pro- 
duction from natural gas by the Fischer-Tropsch process 
will amount to only a minor proportion of the total gaso- 
line supply of the nation. Our appraisal of the commer- 
cial possibilities of converting natural gas to liquid fuels, 
on the basis of ovr own research and results reported 
by others, leads us to be more optimistic than is war- 
ranted by and conclusive published data. 

Natural gas and petroleum reserves are larger today 
than at any other time in history, despite the fact that 
recent consumption rates have been at an all-time peak. 

This paper was presented before the Chicago Section, 
American Institute of Mining and Metallurgical Engi- 
neers, December 5, 1945. 
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Natural gas is considered a preferred type of fuel 
for domestic uses and also for various industrial 
heating applications where ease of control, fuel uni- 
formity, freedom from ash, etc., are of primary 1m- 
portance. Other industrially important uses are as a 
source of carbon black and as a fuel in various low- 
cost heating operations. There is also a large num- 
ber of other uses of varying degrees of importance 
and new potential uses are continually being uncov- 
ered. Some of these other uses are of economic im- 
portance to the gas industry as a whole but by far 
the greater majority of them involve such small vol- 
umes of gas that they are only of passing interest. 

Since various products extracted from natural gas 
and recovered as by-products from petroleum refin- 
ing, such as liquefied petroleum gas and fuel oil, are 
being utilized in addition to natural gas in many in- 
dustrial and domestic heating applications, some con- 
sideration will have to be given such materials in 
order to present a reasonabl, complete story of the 
importance of natural gas. Some of these materials 
may prove to be transient competitors and will not 
be available when more profitable uses are found for 
them. Meanwhile, however, the potential volumes of 
such materials available, the current volumes being 
marketed, and the nature of the utilization are. con- 
sidered as constituting an essential part of the over- 
all fuel picture. 

To facilitate consideration of the various items, 
it is proposed to discuss the following items in the 
order listed: 

A. Present uses of natural gas. 
B. Future possibilities of natural gas as a fuel 
and as a chemical raw material. 
C. Fuel reserves. 
This order of discussion assumes that the reserves 
of natural gas are adequate. It might appear more 
logical to discuss fuel reserves first, but since they 
are so profoundly influenced by political, social, eco- 
nomic and other factors, it appears best to treat this 
subject after we have considered present and future 
possible uses for natural gas. It is believed by this 
approach that the relative importance of the various 
present and potential outlets can best be demon- 
strated. 
Present Uses of Natural Gas 


Some clarification of the terminology employed in 
this discussion may be advisable at this point. Nat- 
ural gas, as the producer refers to it, is primarily a 
complex mixture of compounds of carbon and hydro- 
gen chiefly of the paraffin series of hydrocarbons, 
principally methane, together with ethane, propane, 
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’ Red River crossing of the 24-inch system 
of United Gas Pipe Line Company below 
Shreveport. The 142-mile line connects the 
Carthage, Texas, producing area with ex- 
isting distribution in the Monroe, Loumsi- 
ana, area. It will transport 310,000,000 
cubic feet daily. The supply will come from 
natural-gasoline and cycling plants now 
under construction in. the Carthage field, 
one of the world’s largest natural-gas re- 


Serves, 





methane and ethane. Typical examples of the com- 
position of the gases before and after removal of the 
higher hydrocarbons are presented in Table 1. 

The extracted compounds, which are ultimately 
resolved into such products as natural gasoline and 


butanes, pentanes and traces of still higher-boiling 
hydrocarbons. In addition to the hydrocarbons, nitro- 
gen, helium, carbon dioxide, sulfur compounds, and 
other inerts are occasionally present in appreciable 
quantities in natural gas. The natural gas which 


reaches the consumer, however, has had removed 
from it in practically all instances the major portion 
of the higher-boiling hydrocarbon components and 


consists of a mixture, usually 80 to 95 percent, of 
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liquefied petroleum gas, are removed from the raw 
field gas for economic reasons and also because such 
materials, even when present in small amounts, tend 
to cause operating difficulties due to condensation 
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TABLE 1 


Composition of Natural Gases Before and After Removal of 
Higher Hydrocarbons 


(Volume Percent) 

















Texas Panhandle Gas Erath, Louisiana Gas 
Constituent Before After Before After 
ya and other inerts 8. as ana BR 

ethane ‘ . 80.1 82.6 . J 

Ethane ‘ 5.9 6.1 3.5 3.4 
Propane. . 3.4 2.5° 1.4 1.0° 
Butanes 1.4 asa 0.8 
Pentanes.... ‘ 0.4 0.2 
“Hexanes Plus”. ..... 0.2 | 0.7 











* Propane and higher-boiling hydrocarbon. 


in transmission lines. The natural gas of commerce 
is the residual gas resulting from extraction or 
treating operations, while the extracted liquefied gas 
products, together with an approximately equal quan- 
tity of similar material resulting from the refining of 
crude oil, constitutes an important complementary 
fuel material known to the trade as LPG (liquefied 
petroleum gas) or “bottled gas.” This distinction 
between raw field gas, residual or so-called pipe-line 
gas, and liquefied petroleum gas must be maintained 
in the examination of natural-gas statistics for the 
reason that many of the current uses and potential 
uses are limited to one or another of these products. 
As an example, most of the current chemical uses of 
gas are based on liquefied petroleum gas as the raw 
material. 

Present consumption rates of natural gas are at an 
all time peak as will be noted from the statistics of 
Table 2 which are presented graphically in Figure 
1." Undoubtedly, the wartime peak of industrial 
activity is responsible for at least a portion of the in- 
crease noted for the last several years. 

Industrial use includes ail gas consumed in indus- 
rial establishments as fuel, as a source of power, and 
as a medium for the maintenance of controlled fur- 
nace atmospheres. It does not include the fuel con- 
sumed in commercial establishments, which volumes 
are included in the totals for domestic and commer- 
cial fuel. Industrial use also includes the small 
amounts of gas which enter chemical operations. No 
satisfactory information exists as to the exact 
amounts of gas entering the chemical field but, from 
available figures on the total production of organic 
chemicals, it can be concluded that the amounts so 
used are trivial in terms of total gas demand. 

The volumes shown in Table 2 for domestic and 


4000 











F 


3 


BILLIONS OF CUBIC FEET 














8 
oO 





























1935 936 1937 1938 1939 
FIGURE 1 
Annual consumption of natural gas in the United States. 
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FIGURE 2 


Energy content of the minerals and water power used to supply 
annual demand. 


commercial purposes cover fuel used principally for 
heating in domestic and commercial establishments. 
“Field” use of natural gas represents that used in 
field operations, which includes the generation of 
power for drilling, reconditioning and pumping wells, 
and other purposes. Volumes designated as “carbon 
black plants” require no further explanation. Using 
the 1944 figures as a basis, it appears that about 50 
percent of the total volume of gas was used in in- 
dustrial operations of various kinds, about 20 percent 
as domestic and commercial fuel, another 20 percent 
in field uses at the source of the gas, and the bal- 
ance, about 10 percent, in the carbon-black industry. 


Heat Content of Fuels 


Since the primary demand for natural gas is for 
fuel use, it will be of interest to examine briefly some 
statistics on the percentages of the total energy rep- 
resented by the Btu contents of our principal fuels. 
In Figures 2 and 3, we have reproduced some inform- 
ation from Fieldner’s studies**® and subsequent data 
on fuels and water power for the years 1942 through 
1944. All data are taken from published statistics of 
the United States Bureau of Mines® except the 1944 
data for water power and coal which were obtained 
from the March, 1945, “Survey of Current Business.’ 
As will be noted, the only fuel showing a decrease, 


TABLE 2 


Annual Consumption of Natural Gas in the United States 
1935 to 1944, Inclusive 
(Millions of Cubic Feet*) 











Domestic Carbon 
and Black 
YEAR IndustrialX | Commercial Field Plants Total 
1935... 674,213 413,685 580,414 241,589 1,909,901 
, - ee 803.660 454,969 618,468 283,421 2,160,518 
921,402 489,234 651,320 341,085 2,403,041 
Bs wo6-0% 827,876 482,(68 659,203 324,950 2,294,097 
1939. . 1,127,255 509,487 680,884 347,270 2,664,896 
1940 1,178,862 578,290 711,861 368,802 2,837,815 
1941. 1,371,902 586,911 686,158 365,377 3,010,348 
ccs. 1,544,773 682,140 721,063 335,533 3,382,509 
1943... 1,820,143 745,000 760,000 315,600 3,640,743 
1944¢.. 1,898,143 810,182 792,000 328,200 3,828,525 























* Marketed production only. Data for the years 1935 through 1943, inclusive, from 
"Minerals Yearbook,” U.S. Department of Interior, Bureau of Mines. 

+ Reported by Bureau of Mines with the statement that the data are subject to revision. 

t Estimated. Based on “Monthly Summary of Gas Company Statistics,” Issued April 
1945, by the Statistical Bureau of the American Gas Association, adjusted to give the above 
figures which are believed to be in line with the rates of increase indicated by the previous 
Bureau of Mines data. 

I Includes petroleum refineries, electric power plants, cement plants, chemical use and 
other industrial use. Gas consumption in electric power plants includes natural and other 
fuel gas impossible to segregate. 
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in terms of the percentage of the total energy, is coal. 
In Figure 2, the data are presented in terms of total 
energy content from each source, while in Figure 3, 
the proportion of energy content supplied by each 
source is shown. If the depression years of the early 
’30’s are ignored, it will be noted that the total Btu 
content from all sources has been rising steadily. Qn 
the same basis, it will be noted that total Btu con- 
tent from coal has climbed back to its pre-depression 
level. The consistent increase in energy content 
from natural gas and petroleum are also of interest. 
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FIGURE 3 


Proportion of energy content of the minerals and water 
power used to supply annual demand. 
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Since the increase in energy consumption was far 
more rapid than the increase in population during 
the period 1900 to 1944, variations in the amount of 
energy per capita were computed. It is interesting 
to note that the total energy per inhabitant in the 
United States in 1944 was approximately 2% times 
that in 1900. Likewise, total energy for 1944 was ap- 
proximately 1% times that for 1929. As seen from 
Figures 2 and 3, natural gas and petroleum have 
shown a relatively steady increase in quantity of 
energy; on the other hand the total Btu content of 
coal produced in 1944 exceeded, for the first time, its 
all-time peak which was established in 1918. 

The increase in total energy made available by the 
production of natural gas and petroleum is traceable 
almost entirely to the development of adequate pipe 
lines and to the uses of petroleum which have re- 
sulted from the development of automotive transpor- 
tation. It is quite probable that an appreciable pro- 
portion of the pronounced increase shown for nat- 
ural gas and petroleum is traceable to taking full ad- 
vantage of existing investments, in production, proc- 
essing, transportation, and distribution facilities. For 
example, underloaded pipe lines are a strong incen- 
tive for developing markets or securing loads which 
will result in utilizing the full capacity of existing 
systems. 

It should be mentioned that both natural gas and 
petroleum, as a result of their advantageous physical 
form, have an inherent tendency to yield a higher 
thermal efficiency than coal. Improvements both in 
equipment and in method of handling coal have pro- 
duced phenomenal improvements in thermal effi- 
ciency since 1900. For example,’ consumption of coal 
per kilowatt hour has been reduced from 7.05 pounds 
in 1899 to less than 0.8 pound in recent years, in the 
more efficient plants. 
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Carbon Black Consumption 


Returning to Table 2 we note that whereas natural 
gas is used most extensively for fuel purposes, the 
carbon-black industry is the next largest consumer of 
natural gas. This outlet, which is near the source of 
gas supply, is of interest to the gas industry since it 
usually exists only in the absence of adequate pipe- 
line facilities. The history of carbon-black manufac- 
ture has been that this operation is discontinued when 
fuel pipe lines become adequate to handle the gas. The 
quantities of gas consumed testify to the importance 
of carbon black even though it is often regarded as 
a transient use, subsidiary to the fuel use. 


Some consideration should also be given to the 
volumes of natural gasoline consumed since these are 
a part of raw natural gas. In Table 3°* the produc- 
tion statistics of natural gasoline are presented. The 
natural-gasoline product itself is of no direct interest 
to the gas industry since its chief outlet is as an in- - 
gredient of motor and aviation gasolines, but a large 
volume of pipe-line-quality natural gas has been made 
available to the gas industry as a result of natural- 
gasoline-plant operations, 


The consumption statistics* for liquefied petroleum 
gases are presented in Table 4. It will be noted that 
the principal uses are for fuel and that only 16.8 per- 
cent of the 1944 gallonage found its way into the 
chemical outlets. These estimates do not include the 
butane and butylenes used in the production of syn- 
thetic rubber or of similar products used in the manu- 
facture of 100-octane gasoline. 


In Table 5 and Figure 4, the 1944 marketed pro- 
duction data®*™ for different fuels are presented along 
with certain other materials for comparison. The 
combined tonnages of petroleum, liquefied gas, and 
natural gas are equal to about 51 percent of the coal 
tonnage. The tonnage represented by natural gas 
alone is about 14 percent of the coal tonnage. While 
total non-coal-tar organic chemicals amount to only 
about 5 percent of the natural-gas tonnage, only a 
minor portion of this quantity was of natural-gas 
crigin. Few people are aware o the tremendous 
toinages represented by gaseous fuels. 


Future Prospects for Natural Gas 


Various social, political and economic factors, in 
addition to such items as form utility and place value, 
investmenis in existing facilities, and future technical 
developments will exert their influences in varying 
amount on future gas utilization. Politically, subsi- 
dies and taxes could markedly influence the use of 














TABLE 3 

Natural Gasoline Production in the United States, 1935 to 1944 

Natural Gasoline 

Produced Annually 

Thousands of 

YEAR* Barrels Gallons 
SE. £3 sede tognebatedcadvabwed eobeadh aa ee 39,333 1,651,986 
ER PO Ry ee ee ee et 42,770 1,796,340 
SE ceik ds bide one weak dh deeds 1000 Mitek sae 49,177 2,065,434 
IG doo c'clun cou’ k oaee cncesn$ a-s baa ee eee ee 51,347 2,156,574 
Rb os vhkngasdedddustie madden eee 51,650 2,169,300 
RT ee POS Cert ey <a 55,700 2,339,400 
BUS... dcdy che dcntouccecusconetat aie 64,017 2,688,714 . 
Ss Soe aso vick (abe ddceasniders Soe xe 64, 2,725,968 
Gs vie oa cgevidh see veux coke snn Gspldeseee ewes ete 66,029 2,773,218 
BM. 1 cia ns ab Panbasd shedbbatd< by csi dee 72,174 3,031,308 











* Data for years 1935 to 1942, inclusive, from “Minerals Yearbook,” U. 8. Department 
of the Interior, Bureau of Mines. Data for 1943 and 1944 from ‘‘Minerals Industry Survey,” 
U. 8. Department of Interior, Bureau of Mines a natural gasoline report NGR-944a 
120, February 22, 1945, with the statement that data for 1944 are subject to revision. 
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TABLE 4 
Marketed Production of Liquefied Petroleum Gas 


















































TOTAL SALES STRIBUTION—1000 GALLONS ANNUALLY 
Percent Percent sastry Percent Gas Percent Chem. Percent 

YEAR Gallons Increase Domestic Increase aad Miscl. Increase Mfg. Increase Mfg. Increase 
1922 223 s ° weet 56) *Wieean ae aa ret ate 7 Es wetens 
1923 277 24.4 - ee eat. | ae kanes vias... ceoaas 
1924. 376 36.0 - bunts eM Eye Sh se 
1925. . 404 7.2 . aie, nit rd arcu cn ie ge a Sen F 
1926... 465 15.2 ° eee GE bass’ ( Mle Agee pee oy. ened 
ee ee ate haben ty sees 1,091 134.6 A bates . ; ae Ter ae. >> wektan 
1928. . 4,523 314.6 2,600 om: 400 “se 1,500 TEES deapeterr 
1929 9,931 119.6 5,900 126.9 1,500 275.0 2,500 aa ae 
1930 18,017 81.4 11,800 100.0 2,200 46.7 4,000 eee swee5s 
1931... 28,770 59.7 15,295 29.6 7,172 226.0 6,303 57.6 
1932 34,115 18.6 16,244 6.2 8,167 13.9 9,703 53.9 
1933. . 38,931 14.1 16,626 2.3 13,987 71.3 8,318 —14.3 bkad 
1934 56,427 44.9 17,681 6.3 32,448 132.0 6,298 i re ’ 
1935 76,855 36.2 21,380 20.9 47,894 47.6 7,581 i ae eee es 
1936 106,652 38.8 30,014 40.4 67,267 40.4 9,371 23.6 oes : 
1937 141,400 32.6 40,823 36.0 62,610 t 11,175 19.3 26,792 , 
1938. 165,201 16.8 57,832 41.7 62,694 0.0 12,386 10.8 32,299 20.5 
1939. 223,580 35.3 87,530 51.4 93,723 49.4 15,435 24.6 26,892 —16.7 
1940 313,456 40.2 134,018 53.1 124,482 34.5 20,285 31.4 34,671 29.0 
1941. 462,852 47.7 220,722 64.7 | 172,669 38.6 25,255 24.5 44,206 27.5 
1942. | 585,440 | 26.5 229,559 35.7 | 201,447 16.7 31,366 24.2 53,038 20.0 
1943 | 675,233 15.3 339,380 | 13.3 | 242,978 | 20.6 37,519 19.6 55,356 44 
1944... 905,600 34.1 438,552 29.2 267,295 10.0 47,768 27.4 151,985 175.0 








* Sale of liquefied petroleum gas confined primarily to bottled-gas business prior to 1928. 


+ Not comparable due to segregation of chemical manufacturing. 


REMARK 
tained from the same source. 
pentane when sold for any purpose other than motor-fuel blending. 


In the above table ‘Total Sales” for all years was obtained from United States Bureau of Mines reports. 
The total sales volume includes all liquefied petroleum gases (propane, butane, and propane-butane mixtures) when sold us such. 
It does not include butane when blended with heavier petroleum fractions for motor-fuel purposes. 


for the years 1931 to 1944, inciusive, was ob- 
It includes the sale of 
Intercompany 


“Distribution” 


sales transactions such as purchases of liquefied petroleum gases by one company from other companies and then resold as liquefied petroleum gases, have been eliminated in order to 


avoid duplication of sales figures. 
waxing, etc. 


natural gas. The subsidies granted for distribution of 
electric power through the Rural Electrification Ad- 
ministration have not had a counterpart to date in 
natural gas or hydrocarbon-fuel distribution. On the 
other hand, the taxes on motor fuel in some instances 
now exceed the selling price of the motor fuel at the 
refineries. Through such taxation, it is possible to re- 
tard new developments or conversely through sub- 
sidies of one form or another it is possible ot bring 
into being at an earlier date operations which would 
normally be considered uneconomical. For example, 
synthetic rubber was a war justification. In my opin- 
ion, the influence of government, through both sub- 
sidies and taxes, will be far greater than any other 
single factor on the future production, distribution 
and utilization of fuels. 

Inasmuch as coal, petroleum, liquefied petroleum 
gas, and natural gas are in a sense different forms of 
carbon, it becomes obvious that, in many potential 
applications of these materials as fuel, the form 
value may markedly influence the economic justifi- 
cation for their use. These physical forms (solid, 
liquid and gaseous states) are important factors in 
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FIGURE 4 
Marketed production statistics of fuels and related materials for 1944. 
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The data do not reflect sales of liquefied petroleum gases used direct!y by the producer at the point of production, for fuel, polymerization, solvent de- 
Neither do the figures include sales of hydrocarbons to plants manufacturing synthetic rubber or aviation gasoline or their components. 


determining the amount of investment necessary for 
production, transportation and utilization of these 
materials. Similarly, proximity to existing supplies 
of gas, oil or coal, especially when such fuels are 
available part of the time on an incremental cost 
basis, may result in uses based primarily on place 
utility. In such cases, comparative costs on a Btu 
basis alone may not be the decisive factor. 

The importance of existing investments in produc- 
ing, manufacturing and transportation facilities must 
be considered also, Underloaded gas-transportation 
systems may be used to transport additional volumes 
of gas at very low cost since in such instances the 
only extra costs incurred are those for handling the 
additional volumes (the so-called incremental costs). 
In marketing of all types of fuel, intermittently avail- 
able supplies can be sold at abnormally low rates, 


TABLE 5 


Marketed Production of Fuels and Related Materials for 
the Year 1944 























| VOLUME 
Weight | —_____——, —— — 
| (Thousands | Heat Value | " (Billions (Thousands 
of Short | (Trillions of | of of 
Tons) Btu's) Cubic Feet) Barrels) 
Total Coal (Anthracite and 
Bituminous) (a) 683,315 | 17,967 | i 
Petroleum (Total Crude) (b) 257,198 | 10,066 | 1,677,744 
Natural Gas (c) : 92,555 | 4,115 | 3,829 ‘ Pe 
Motor Fuel (d) 92,232 | | : 732,000 
Carbon in Produced Natural Gas (e) 69, 416 | ‘sékae 
Total Organic Chemicals (f) 7,000 | 41,667 
Non-Coal Tar Organic Chemicals (g)| 5,000 | 29,762 
Liquefied Petroleum Gas (h) 2,160 89 | 29 21,562 
Carbon Black (i) | 400 haa 








(a) March 1945 


of Foreign and Domestic Commerce. 


vituminous— 13,100 Btu per lb. 


(hb) Mineral Industry Surveys, U. S. Department of Interior, Bureau of Mines, 
Assuming 7.3 lb. per gal. and 6,000,000 
Assuming 48.35 lb. per M cu. ft. and 1,075 Btu per cu. ft. 


1944 issue. 


(c) From Table 2. 


“Survey of Current Business,” 
Assuming for anthracite—13,600 Btu per lb and for 


U. S. Department of Commerce Bureau 


Btu per bbl 


(d) Assuming 2 million barrels per day, density 6 pounds per gallon. 
(e) Assuming carbon content of natural gas 75 percent by weight. 
Assuming 8 lb. per gal. 
(g) Includes chemica! products of agriculture, products prepared from calcium carbide, 
petroleum chemicals, liquefied-gas chemicals and chemical derivatives of natural gas. Does 
not include chemicals produced for use in aviation fuel or explosives and other chemicals 


(f) Based on data from Chem. & Mct. Eng. 52, 130 ( 


made at government ordance plants or private units producing under ordance control. 
Assuming 8 lb. per gal. 
32 cu. ft. of gas per gal., 


from Chem. & Met. Eng. §2, 130 
(h) From Table 4. 
per gal. 


Market Reror: No. MMS, U. 


(1945). 


Assuming 4.77 lb. per gal., 


Petroleum Refiner—V ol. 25, 


1945). 


Dec., 


Data 


and 98,000 Btu. 


(i) Calculated on the basis of 800 million pounds of channel and furnace black, Mineral 
8. Dept. of Interior, Bureau of Mines, June 26, 1945. 


No. 








still realizing attractive profits. Such underloaded 
facilities may be employed to handle additional quan- 
tities of fuel or raw material for the normally less 
attractive markets or they may be used to support a 
new development. For example, in specific cases proc- 
essing facilities for natural gas and natural gasoline 
may enable one to lower overall costs of operation of 
a Fischer-Tropsch process for produing liquid fuel 
from natural gas. Likewise some war facilities may 
become useful in reducing investments for fuel dis- 
tribution. 

Faced with these important background factors, 
none of which can be ignored, the future possible out- 
lets for natural gas constitute an interesting field for 
conjecture. Since the primary use of natural gas has 
been as a fuel, and since, in this application there has 
been and apparently will continue to be a steady and 
uninterrupted increase in the volumes so utilized, the 
most immediate prospect is one of domestic and in- 
dustrial load building. 

For the past 10 years® the domestic natural gas 
load (home use) has shown a consistent increase. 
During this period this load has increased 87 percent. 
The increase in 1944 over 1943 was 9.4 percent. Dur- 
ing the last year the increase in number of custom- 
ers® was 2.8 percent. This greater percentage increase 
in gas load than in number of customers illustrates 
the generally accepted theory that natural gas is 
gaining in acceptance by its present users. One can 
immediately recognize the stability and strength of 
this load. 

At the end of 1944 there were 8,578,000 domestic 
users® of natural gas, the number having increased 
16 percent since 1935. 


Increased Domestic Use 


An increasing domestic gas load can be expected 
as our population turns away from the many incon- 
veniences and deficiencies of outmoded heating appli- 
ances. Expansion into the fields of gas-fired refrigera- 
tion, home freezers for quick-frozen food storage, 
space heating and water heating offer additional pos- 
sibilities as domestic load builders. In some localities, 
even domestic air conditioning is now being commer- 
cialized. However, gas will have competition for the 
expanded, domestic load, with the chief competitor 
in the fields of domestic refrigeration, cooking and 
water heating continuing to be electricity. It can be 
expected also that the use of the complementary fuel, 
liquefied petroleum gas, will be greatly extended in 
the domestic field, primarily in suburban areas and in 
localities where gas-distribution facilities are not 
available. It is also expected that the use of the coal 
and fuel oil for general house heating in well-designed 
and efficient equipment, operating with a new high 
standard of cleanliness, will show a decided increase 
and may ultimately arrest the trend toward the use 
of gas for this purpose. 

The prospects for natural gas as an industrial fuel 
over the next several years appear to be bright since 
we are undoubtedly entering a period of extreme in- 
dustrial activity. However, from a more distant view- 
point the extension of natural-gas use does not appear 
probable in those applications where the cost per heat 
unit is the prime factor. Those industrial loads where 
uniformity of fuel and close control of heating oper- 
ations are of more importance than the cost per heat 
unit will undoubtedly be retained by natural gas and 
liquefied petroleum gas, and some further extensions 
can be expected, 
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The production of carbon black from natural gas is, 
and prboably will continue to be, a transient use for 
this raw material confined mainly to the early life 
of gas fields and to those fields where pipe-line out- 
lets for fuel gas are inadequate. The present use of 
gas for carbon-black manufacture may be expected 
to decrease gradually in favor of the more profitable 
fuel markets. Of interest in this connection is the 
recent development on a commercial scale of an ex- 
tremely flexible carbon-black process which employs 
fuel oil and other liquid hydrocarbons as the starting 
material and which produces a much wider variety 
in quality of blacks than is possible by other well- 
known processes. The success which the product of 
this process has met in various carbon-black applica- 
tions gives us reasonable assurance of a source of 
carbon black when gas no longer will be available 
for its production at prices that will enable its pres- 
ent wide use. 


Chemicals 


Much publicity has been given the postwar possi- 
bilities of chemicals, particularly the organic chem- 
icals. Since the organic chemicals are “carbon chem- 
icals,” it follows that petroleum, natural gas, coal, 
agricultural and forest products are the primary raw 
materials. Extensive progress has already been made 
in the manufacture of chemicals from petroleum, and 
a substantial part of this progress has been accom- 
plished by companies interested more in chemicals 
than in petroleum products. Strictly speaking, all 
compounds are chemicals, but the petroleum indus- 
try is rapidly beginning to think of chemicals as all 
of those new products from petroleum which are not 
used as fuels or lubricants. 


As the principal products of the petroleum indus- 
try are fuels and lubricants, the majority of oil com- 
panies have, until recent years, directed their chem- 
ical research primarily to the manufacture of these 
products. Consequently, the majority of the new 
proccesses developed in the refining industry have 
been based to a steadily increasing degree on chem- 
ical reactions. Obviously the introduction of chemical 
knowledge in refinery technique will intensify the 
interest of refiners in the manufacture of chemicals. 
But more important than this is the abundance and 
variety of chemical raw materials resulting from the 
production and processing of oil and natural gas. Fur- 
thermore, many of the hydrocarbon raw materials 
available in the petroleum industry are in effect by- 
products of the many processes which are used by the 
refining industry, and for this reason they are ordi- 
narily cheaper than raw materials from other sources. 
These facts are going to be important factors in the 
further development of chemicals from petroleum or 
natural gas. 


In Figure 5 is shown a skeleton diagram of the 
hydrocarbon family. The diagram presents the man- 
ner in which the chemist classifies the hydrocarbons 
and shows where they are found,or produced. 


In considering the manufacture of a chemical, the 
“conversion” state of the raw material to be used 
in the process is an important economical factor. All 
other things being equal, the less the number of 
steps through which the chemical raw materials must 
pass before emerging as a finished chemical product, 
the simpler and more economical will be the manu- 
facturing process. An example of the manufacture 
of gasoline from coal will illustrate this point. Sup- 
pose we desire to make gasoline and we have two 
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FIGURE 5 


Hydrocarbon classification and important sources. 


sources of raw material available; namely, coal and 
crude oil. Gasoline is a hydrocarbon liquid. If we 
manufacture gasoline from coal, we must first con- 
vert coal to a hydrocarbon liquid by a very compli- 
cated and very costly process known as hydrogena- 
tion, in which the cost of making hydrogen alone is 
a very important factor. After we make the liquid- 
hydrocarbon mixture from coal by the costly process 
just mentioned, we must then do the same thing as 
is done with crude oil, that is separate it into the de- 
sirable and undesirable fraction and subject it to any 
further necessary processing. Thus it is easily seen 
that petroleum as a source of gasoline, process-wise, 
is two steps ahead of coal, which must be converted 
into synthetic crude oil by two steps: first, that of 
manufacturing hydrogen and, second, that of hydro- 
genating the coal. A similar line of reasoning applies 
to natural gas as a preferred raw material, as com- 
pared with coal, for producing liquid fuel by the 
Fischer-Tropsch process. 


Refiners Make Intermediates 
The manufacture of chemicals from oil and natural 
gas is certain to increase, and the petroleum compa- 
nies will undoubtedly place more and more emphasis 
on this activity, However, the manufacture of chem- 
icals, as compared with the manufacture of fuels and 
lubricants, calls for a dfferent type of operations, 
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characterized in particular by small quantities, higher 
investments, higher costs, higher research budgets, a 
higher degree of technical skill, and a higher obso- 
lescence of process and product; that is, shorter life 
of process and product. Considering these differences, 
it is evident that the petroleum refiner may find it 
more expedient to manufacture intermediate raw 
materials for the chemical companies than to manu- 
factuer the finished chemicals. This is a procedure 
which is already being followed to a great extent. 
Many of the chemical companies have located their 
chemical plants adjacent to refineries on account of 
the cheap and abundant supply of by-product raw 
materials and on account of the widespread location 
of refineries throughout the United States, which 
affords another economic advantage, namely, that of 
nearness of raw material to the markets for the 
finished chemical products. This is a trend which no 
doubt will continue until other economic factors 
change the picture. 

With the exception of synthetic fuels used primar- 
ily in aviation gasoline, the largest recent interest in 
the chemical field has been been in synthetic rubber. 
The production of this material in 1944 was about 
750,000 tons. Other products now manufactured in 
appreciable volumes from petroleum and natural-gas 
hydrocarbons include the familiar anti-freeze com- 
pounds, solvents, explosives, alcohols, and a veritable 
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host of derivatives which constitute starting mate- 
rials for many other products. The viewpoint of the 
chemist on these various developments is that the 
surface has barely been scratched and that further re- 
searches will bring quick results in the preparation 
of new and useful chemical derivatives from petro- 
leum materials. The possibilities in the new field of 
synthetic plastics alone promise to make all the other 
petroleum chemical developments to date appear 
small by comparison. 

Lest the impression be left that the chemical field 
is an unlimited one so far as market outlets for large 
volumes of raw materials are concerned, it is well to 
point out how relatively small such outlets generally 
are for these raw materials. Thus it was calculated 
recently that the entire 1944 production of wood alco- 
hol could have been produced from a single gas well 
of 15 million cubic feet daily capacity if near perfect 
conversion efficiencies were obtained. This means 
that the potential production, if realized, from only 
one of our larger gas.wells would have completely 
supplied this whole market, Similarly, if all of the 
ethane and ethylene present both in the gases at re- 
fineries and in the raw natural gases during 1944 had 
been converted to ethyl alcohol (generally called 
grain alcohol), the production of ethyl alcohol would 
have amounted to about 8 times the total requirement 
estimated for 1944 and 40 times the amount of ethyl 
alcohol produced in 1940. If the ‘entire potential sup- 
ply of normal butane in 1944 had been used to pro- 
duce butadiene for the manufacture of synthetic rub- 
ber, the amount of butadiene thereby manufactured, 
under present conversion efiiciencies, would have 
been four times its demand. 


Chemical Use Small 


Summarizing, it is intersting to note that the chem- 
ical uses today represent considerably less than 1 
percent of the total natural gas consumed, this vol- 
ume being of about the same order of magnitude as 
the unavoidable losses occurring under the most effi- 
cient operations encountered in the best engineering 
and safety practices of the industry, using the most 
advanced technology. Thus the manufacture of chem- 
icals does not promise to create any large volume of 
sales of natural gas. 

Another possibility of a new outlet for natural gas 
is in the conversion of dry natural gas into liquid- 
fuel hydrocarbons by means of the so-called Fischer- 
Tropsch process. The large mass of information 
which has been accumulated, as a result of research 
and development both here and abroad, permits a 
rought estimate of the process as.a means of gas 
utilization. This process was developed in Germany 
where it was used mainly to synethesize liquid fuels, 
waxes and chemical raw materials from such avail- 
able materials as brown coal, coke, low-temperature 
coke and coke-oven gas. Germany is reported to have 
produced 5,590,000 barrels’® of fuel annually by this 
process. The process comprises the following steps: 

1. Conversion of the raw material to a water gas 
having a carbon monoxide-to-hydrogen ratio in 
the range of 1:1 to 1:2 and containing no more 
than 10 to 12 percent inerts. 

2. Careful and thorough desulfurization of the gas, 
usually in two stages. 

3. Synthesis of hydrocarbons by passing the gas 
through a fixed bed of catalyst, usually cobalt 
or iron, at pressures up to 100 to 150 psig (medi- 
um pressure process), and temperatures in the 
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TABLE 6 


Composition of Typical Fischer-Tropsch Products 
(Weight Percent) 








Atmospheric Medium 
Pressure Process | Pressure Process 
Liquefied petroleum gas................6..00005 13% 7% 
ID ag bX a vc edt bbl case Gai baa cbteee nin 52 38 
eee a eee ee 26 30 
Wines so tui cknud cb saad tyes ogbebeus tasedeh 9 25 











range of 400° F. This is a highly exothermic re- 
action (7000 Btu per pound of liquid product). 

4. Separation of the products, typical composition 

of which are shown in Table 6. 

As the hydrocarbons produced in the conventional 
Fischer-Tropsch process are principally of a straight- 
chain-paraffinic nature, the antiknock quality of the 
gasoline is poor, but the cetane number of the diesel 
oil is high. The entire product can be handled readily 
in much the same manner as crude oil in conventional 
refining equipment to obtain products of desired spec- 
ifications. Some catalysts yield a different type of 
product, richer in gasoline of high-octane rating. 


Fischer-Tropsch Process 


Although no commercial Fischer-Tropsch plants 
exist in this country, the United States Bureau of 
Mines did research on the process in 1928-1930 and 
resumed the work in 1944, primarily from the long- 
range viewpoint of utilization of solid fuels. In the 
last few years a tremendously increasing interest in 
the process has developed among oil and gas compa- 
nies. This interest springs from the possibility of 
utilizing natural gas as a starting material. In this 
case, it is necessary to reform the natural gas by the 
hydrocarbon-water gas process, which is much 
cheaper and simpler than conversion of solid fuels 
to water gas, in the first step outlined above. Com- 
bustion of methane with a proper ratio of oxygen 
will also produce the synthetic gas. Subsequent steps 
are the same, 

The yield of gasoline by the process when methane 
is used as the new material is estimated at about 4 
gallons per thousand cubic feet of gas. This gives us 
some indication of the approximate overall efficiency 
of the process as currently practiced, since the yield 
figure would imply that only about 40 percent of the 
heat content of the methane charged to the process 
would be recovered in the liquid product. A com- 
parison of the yields from coal and from natural gas 
are given in Table 7. 

It is readily seen that the conversion of coal is less 
efficient than the conversion of natural gas. Further 
research, however, may improve the efficiencies. 

From 1000 cubic feet of methane, allowing none 
for fuel requirements, it is theoretically possible to 
obtain about 6.5 gallons of motor fuel. The fuel 
value of this 6.5 gallons of motor fuel would be about 
75 percent of the fuel value of the original 1000 cubic 


TABLE 7 
Efficiencies of Gasoline Production by Fischer-Tropsch Process” 
































Therms Percentage of 
Raw Material |Necessaryto| Therms Fuel Value of 
to Produce | Produce One| Contained in| Raw Material 
One Barrel Barrel of | One Barrel | Converted to 
RAW MATERIAL Gasoli Gasoli of Gasoli Gasoli 
Se Sey See mer 1360 Ibs. 163.0 50.5 31.0 
Methane (European Design) . 505 Ibs. 119.5 50.5 42.3 
(11950 cu. ft.) 
Methane (Possible Future 440 lbs. 104.5 50.5 48.3 
Seleah<tinesineeodssanhd (10450 cu. ft.) 
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feet of methane. Therefore, the maximum fuel value 
recoverable is about 75 percent. In practice, however, 
even with 100 percent reaction efficiency as above 
some methane will be required for fuel purposes. Con- 
sequently yields will always be less than 75 percent 
of the fuel value of the methane used to produce it. 
Improved reaction efficiencies, and, particularly im- 
proved techniques of synthesis-gas production will 
no doubt reduce the amount of gas required with the 
result that net yields as high as 4.5 to 5.0 gallons 
per 1000 cubic feet may be obtained in large-scale 
operations. 


For every cent of cost per thousand cubic feet of 
methare with 50 percent of the fuel value converted 
to gasoline, the raw material cost alone will be one- 
quarter cent per gallon of gasoline. 


Competitive Position 


The competitive position of natural gas with re- 
spect to coal as a raw material for Fischer-Tropsch 
type processes in the United States will depend upon 
the relative economics, efficiencies of utilization and 
over-all reserves of coal and natural gas available. 
Table 8 shows conservative published estimates of 
the relative cost of producing gasoline using coal and 
natural gas as the starting material. Costs for gaso- 
line manufactured from natural gas as low as 5 cents 
per gallon have appeared in the literature, based on 
10 percent return on investment and assuming cer- 
tain favorable local conditions. At any rate, there is 
general agreement that gasoline from dry natural gas 
as a starting material is cheaper to produce than the 
same product from coal as the raw material. The raw 
material cost alone of coal per barrel of gasoline 
would probably average somewhat greater than the 
cost of natural gas. For example, with natural gas at 
5 cents per thousand cubic feet, its cost per barrels 
of gasoline produced (10,450 cubic feet per barrel) is 
approximately $0.52. To compare favorably with this 
cost, the price of coal per ton would have to be about 
$0.77 on the basis of 1360 pounds of coal per barrel 
of gasoline produced. With natural gas at 10 cents 
per 1000 cubic feet, the equivalent price of coal would 
be $1.54 per ton. On the basis of conservative pub- 
lished estimates, the synthesis process utilizing nat- 
ural gas will not be able to compete with present re- 
finery methods utilizing crude petroleum until the 
price of crude reaches about $1.75 to $2.00 per barrel. 
On the basis of experimental data not yet confirmed 
by large-scale commercial operations, gas may be 
competitive with crude oil under special circum- 
stances. 

Table 9 shows the“potential gasoline which could 
be produced from proven reserves of oil, gas and 
coal assuming 50 percent yield from crude oil by con- 
ventional refining process and conversion of the nat- 
ural gas and coal to gasoline by the Fischer-Tropsch 
process. 

TABLE 8 
Costs of Gasoline Production by Fischer-Tropsch Process” 








Direct Costs, Direct Costs, 











Investment Per| Including Normal | Including Normal 

| Bbl. Motor | Overhead but Ex- | Overhead and 10% 

| Gasoline/Day | cluding Deprecia- Depreciation, 

| (Dollars) tion, (¢/Gal.) (¢/Gal.) 
European Design—Starting from | 

| 7600 14.7* 19.2 
European Design— Starting from | | 

Dry Natural Gas 4750 | 6.0t 8.8 
| | 








* Coal at $2.75 per ton. + Natural gas at 5 cents per thousand. 
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TABLE 9 


Potential Gasoline Production from Crude Oil, Natural Gas 
and Coal Reserves 








Years of 
Gasoline 
Estimated Supply 
Gasoline At 1940 
Proven Producrion Rate of 
Reserves* (Billion Bbis.) | Consumptient 
Crude Oil. . . i sili ja tlhe 20 billion bbl. 10.0¢ 18 
— Gas ....+-| 140 trillion eu. ft. 11.7% 21 
“Most i tah ea aiden 1.4 trillion tons 2,100.0% 3750 
Fischer-Tropsch Process— 
a tn nants & 5 « heertans 3.2 trillion tons 2,100.0X 3750 














* Data from Table 9. 

t Assuming that the rate of gasoline consumption remains constant, unaffected by in- 
creased efficiences, and assuming that the efficiencies of conversion of crude oil and natural 
gas to motor fuel is unchanged. 

t Assume 50 percent gasoline yield. 

I By Fischer-Tropsch Process. 


YEAR 





iS 20 30 40 50 60 70) = 80 100 120 4O 
TRILLIONS OF CUBIC FEET 
FIGURE 6 
Natural gas reserves in the United States. 


Although the conversion of natural gas may be 
important from the standpoint of augmenting raw 
materials for liquid-fuel manufacture at costs not 
far from present costs, it cannot be considered an 
ultimate solution of the question. In short, the 
utilization of natural gas for hydrocarbon synthesis 
represents an “intermediate”, but important, process 
and as such has greater immediate interest than coal. 
Modifications of the Fischer-Tropsch process, using 
natural gas undoubtedly will find useful applications, 
particularly where the process can be combined with 
other processes or with existing facilities. The pro- 
duction of natural gasoline and the manufacture of 
chemicals afford opportunities for such combinations. 
However, without the economic advantages of such 
combinations, the available information indicates 
that as a means of producing gasoline alone the 
Fischer-Tropsch process would not be competitive 
with present refinery operations, using crude oil as a 
raw material, under present prices. Moreover, the 
peak gasoline production from natural gas by the 
Fischer-Tropsch process undoubtedly will amount 
to only a minor proportion of the total gasoline sup- 
ply of the nation. Our appraisal of the commercial 
possibilities of converting natural gas to liquid fuels 
on the basis of our own research and results re- 
ported by others, leads us to be more optimistic than 
is warranted by any conclusive published data, 

The intense interest during recent years by several 
oil companies promises to crystallize in the near fu- 
ture the commercial development possibilities of the 
Fischer-Tropsch process for conversion of natural 
gas in this country. The success of this development 
would bring new problems of integrating it with the 
natural-gasoline industry, with which it is comple- 
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MONT. 1.224 
N. MEX 2.408 
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es UTA 8166 
wvYo. 0.828 
APPALACHIAN 
AREA 5.000 
TOTAL 140.859 
FIGURE 7 
D:stribution of proven natural gas reserves. 
in other additional facilities. Furthermore, motor- 


mentary in that it affords an outlet for residue gas 
and for dry gas without a pipe line market, and with 
the natural-gas-fuel industry with which it promises 
to compete for that gas. Furthermore, the Fischer- 
Tropsch process has a very promising limited ap- 
plication to the synthesis of raw materials for syn- 
thetic lubricants, detergents, edible fats, solvents, 
aldehydes, alcohols, acids, etc., as practiced in Ger- 
many during the recent war. 


From the standpoint of conservation, it should be 
pointed out that the larger heat loss inherent in the 
Fischer-Tropsch process of producing motor fuel is 
avoided by the direct use of natural gas as automo- 
tive fuel. Such use has received considerable attention 
in various foreign countries where liquid fuel sup- 
plies were inadequate. A comparison of equivalent 
cost of natural gas and gasoline for motor fuel is 
given in Table 10. The high-pressure gas lines pass- 
ing through the most densely populated areas of the 
United States afford a means of solving part of the 
economic handicap for the use of natural gas as direct 
motor fuel. However, automotive vehicles using nat- 
ural gas as a direct motor fuel require considerable in- 
vestment in tanks and fuel-feed systems, as well as 


TABLE 10 


Comparative Raw Material Values for Various Motor 
Fuel Manufacturing Costs 














Natural Gas to Make 

Gasoline Via Crude Oil Via Present; Natural Gas as a 
Motor Fuel Fischer-Tropsch* Refinery Method? Direct Motor Fuelt 
(Cents per Gallon) | (Cents per M cu. ft.) | (Dollars per Barrel) | (Cents per M cu. ft.) 

2.5 7.3 0.40 22.2 

5.0 1.5 1.00 44.3 

7.5 10.3 1.60 66.4 

10.0 19.1 2.20 88.6 

12.5 27.9 2.80 110.8 

15.0 36.7 3.40 | 132.9 








driven vehicles are not often confined to local serv- 
ices in restricted areas, but depend upon wi idespread 
availability of fuel. 


Fuel Reserves 


In the preceding discussions we have assumed 
adequate reserves of natural gas. We will now give 
this subject of reserves further consideration. Figure 
6 gives the estimated gas reserves in the United State 
from January 1, 1919, to January 1, 1945, inclusive... 
As seen in Figure 7, Louisiana, Texas, Oklahoma and 
Kansas are credited with some 83 percent of these 
reserves. The praven reserves of natural gas, petro- 
leum and coal as of January 1, 1945, are presented in 
Table 11?:*:?*.** in terms of volumes, weights and also 
on a thermal basis. Such reserve figures, it should be 
pointed out, do not take into account the effect of, fu- 
ture advances in the science of exploration and the 
advantages to be gained through deeper drilling, nor 
to the possible opening up of new areas which will 
undoubtedly occur whenever the demand for new 
supplies becomes evident. The repeated forecasts 
made over the past 20 or 30 years indicating the 
early exhaustion of petroleum and natural-gas de- 


TABLE 11 


Proven Reserves of Natural Gas, Crude Oil and Coal 
as of January 1, 1945 























VOLUMES 
Weight Heat Value 
(Thousands of | (Trillions (Trillions | (Millions of 
Short Tons) of Btu.) Cu. Ft.) Barrels) 
Natural Gas* —? 3,384,500 150,000 Die. << & 4sicew, 
Crude Petroleumt nD PS abet Sat 3,135,000 123,000 Te 20,453 
a hess = gy for Fischer- 
Cede clsaeucast ocd 1,400,000,000 | 36,400,000 OE Ree EO 
Cont ‘all grades) iis oe fe ee 3,178,000,000 534,000 BS tac eiWada 








*Includes normal overhead but excludes depreciation. Derived from data given on 
pages 35 and 58 of “Synthetic Liquid Fuels” Hearing on Senate Bill No. 1243, Seventy- 
eight Congress. 13 

t Based on crude oil and gasoline price data from Minerals Yearbook.® 

t On an equivalent cost per Btu. basis with motor fuel. Conversion factors.? 
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* Reference?. Assume 1075 Btu. = cu. ft. and 48.35 lb. per M cu. ft. 
t Reference!. Assume 6,000,000 per barrel and 7.2 lb. per gallon. 
t From Table 9. 


IAs of January 1, 1942 Reference!4. Corrected to an equivalent amount of coal, 


(2,559,600,000,000 tons) with a heating value of 13,000 Bty./Ib.1%. 
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posits and the actual reserve history over this period 
are a good indication of how inaccurate such fore- 
casts can be. In each instance, the new exploration 
activities, which resulted from a persistently increas- 
ing demand, effected an increase in the proven re- 
serves which are now greater than at any time in the 
history of the industry. Thé fact that such additional 
reserves could be found while the industry was en- 
gaged in supplying a peak demand for gas and oil 
during the past world war period should give us some 
assurance that adequate supplies will be available for 
all of our needs for many years to come. 

Any discussion of reserves, of necessity, must be 
based on various assumptions which may or may not 
appear reasonable. If we did not expect any new in- 
dustrial developments and could consider our present 
fuel consumptions as constant, we could predict the 
expected life of petroleum and natural-gas resources 
based on our past history. It has been frequently 
stated that our crude-oil reserves will last only about 
15 years at present rate of consumption. Using pres- 
ent crude-oil production methods we recover less 
than one-third of the oil present in the reservoir; we 
convert less than one-half of that recovered oil into 
gasoline ; and we translate considerably less than one- 
fourth of the energy of that gasoline into useful work. 
If we ‘doubled the efficiencies of recovery of oil, dou- 
bled the yield of motor-fuel manufacture, and finally 
doubled the efficiency of utilizing the fuel in the en- 
gine, we could make one barrel of oil reserves last 
as long as eight barrels of oil reserves at the present 
rate of consumption, If this were done, our present 
known reserves of oil would last not 15 years, as 
many have stated, but more than 100 years, as far as 
requirements of the internal-combustion engine are 
concerned. In my opinion there are more chances of 
research developing within the next 100 years en- 
tirely new sources of energy or using the available 
energy of present fuels in a radically different way, 
resulting in a surplus of crude oil, than there are that 
our petroleum resources will be exhausted in less 
than a century. The best answer to the problems of 
magnitude and longevity of petroleum reserves is 
to be found in higher prices for crude oil and gaso- 
line which would not only result in the discovery of 
more crude-oil reserves and promote the efficiency 
with which they are utilized, but would also enable 
coal to rega‘n its lost markets. 

If natural gas were used at the estimated 1944 rate 
of consumption proven gas reserves would last a lit- 
tle over 35 years. Yet we know that a large amount 
of the gas used was sold at very low prices only be- 
cause there was no higher-price market available. 
Therefore, we can state quite assuredly that as 
higher-priced markets for natural gas are developed, 
or greater value is placed on this material, the low- 
price markets such as carbon black, natural gas for 
power, and low-price industrial uses will disappear. 
Such being the case, I am firmly of the opinion that 
natural gas resources will not be exhausted prior to 
those of crude oil. 

Although there are many source materials which 
could be used as petroleum substitutes, such as agri- 
cultural products, oil shale, tar sands and coal, there 
is yet no satisfactory substitute for petroleum in 
times of national emergency, due to the additional 
manpower and equipment that are necessary to 
utilize such substitutes. Petroleum is a convenient, 
high-grade and valuable raw material which requires 
fewer operating steps, and less new facilities for con- 
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verting it into other materials. For this reason, the 
intelligent use of petroleum resources in order that 
there may be adequate supplies for use in any na- 
tional emergency, is essential in the national interest. 
The same is true of all natural resaurces. We should 
insure and assure that we have access to all strategic 

yar materials, not only oil and natural gas, but also 
rubber, coal, iron, copper, aluminum, zinc, chromium, 
nickel, mercury, uranium, etc, Failing to do so we 
should by means of research, develop satisfactory 
substitutes for such materials with a backlog of the 
minimum productive capacity essential for immedi- 
ate full-scale war necessities until adequate war-pro- 
duction capacities are installed. We should not re- 
peat a mistake similar to that made with respect to 
rubber prior to World War II. 

We do not know what may be the distant future 
quality of fuels and lubricants for the internal-com- 
bustion engine. Carbon and hydrogen, regardless of 
source, are potential raw materials. We should con- 
tinue to adequately investigate all sources, including 
agricultural products and coal. Some of the results 
of the large amount of research now being conducted 
by the petroleum industry will in future years find 
useful application in the conversion of coal and agri- 
cultural products to fuels and lubricants. Therefore, 
the research on petroleum and natural gas is supple- 
menting and complementing the research financed by 
the government on agricultural products and coal. 
This latter research has been prompted by the desire 
to find new and replaceable resources of liquid fuels 
for the internal-combustion engine. The government 
research program in petroleum should be expanded 
since it is obvious that the result of such research 
will find earlier application and thereby serve to pro- 
long the life of petroleum reserves; and to such an 
extent serves the same purpose as research work on 
the conversion of agricultural products and coal 
which, by all means, should be continued. However, 
it may come as a surprise to some that for at least 
the next 20 years the petroleum and natural-gas in- 
dustries wi]l in all probability be the primary bene- 
ficiary of any such research work on conversion of 
coal and agricultural products for the reason that 
these industries will undoubtedly be able to more 
economically utilize a greater portion of the results 
of such research in the manufacture of more and bet- 
ter fuels and lubricants. 
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Fundamentals of Isomerization 
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JOSEPH S: FINGER, J. S. Abercrombie Company, Harrison Oil Company 


fon a number of years scientists and engineers 
have been aware of the fact that hydrocarbon com- 
pounds found in petroleum exhibit higher octane 
ratings when they are branched in structure than 
when the molecules of the compound are in straight 
chains. For a motorist or aviation-gasoline consumer, 
the use of the branched-chain compounds means 
more power, and better engine performance. To the 
refiner, it means a higher quality product and higher 
prices for his product. 

To illustrate, consider the two compounds, butane 
and isobutane. These two chemical compounds occur 
in nearly all oil fields and gas fields and in the re- 
finery as a result of various cracking processes. Both 
normal butane and isobutane contain 4 carbon atoms 
and 10 hydrogen atoms in the molecule. Their 
structural difference is illustrated diagrammatically 
as follows: ; 
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os os 
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| a ee oe oA C—H 
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NORMAL BUTANE ISOBUTANE 


Normal butane is a straight-chain compound, while 
isobutane is a branched chain compound. Similarly, 
the structural difference between normal pentanes 
and isopentanes, and between normal octane and iso- 
octane is illustrated -below: 
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TABLE 1 
Properties of Butanes, Pentanes, and Octanes 














Reid Octane 
Boiling Vapor Number 
Point Pressure ASTM 
°F. Lbs. /Sq. In. (Clear) 
Butanes: 
EEE ELE 32 52 91 
IN <2 np 6s 0's.0 wh or 14 74 98 
Pentanes: 
gg 97 15.5 62 
NR 5 cin s sda Osa MO Oe 82 21.0 90 
Octanes: 
ees GNF ink bh ki ¥e4¥ 5 2 53 258 0.6 —17 
See eee | 241 1.8 100 
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The pentanes and octanes are liquid at tempera- 
tures below 82° F.; the butanes, however, are gases 
above 32° F. Pentenes and octanes are retained in 
entirety in gasolines; whereas, butanes can be used 
in only limited amounts due to vapor-pressure specifi- 
cations of gasoline. A summary of the pertinent prop- 
erties of the above compounds is listed in Table 1. 

From Table 1 it is obvious that if the lower-octane, 
straight-chain hydrocarbons can be converted to the 
branched compound,’an appreciable increase in the 
octane number will result. 


Need and Use of the Branched Compounds 


The requirement of pressure equipment, the in- 
creased safety hazard, and certain features of engine 
design have limited large-scale use of the butanes, as 
such, for motor and aviation fuel. In the middle and 
late thirties, scientists and engineers found a com- 
mercial method for producing iso-octane from iso- 
butane and butylene, another compound of the four 
carbon atoms found in refinery gases. The demand 
for aviation gasoline for commercial uses in the 
thirties, and the need for tremendous quantities of 
aviation gasoline for the war effort in the last five 
vears has created a large demand for isobutane. The 
natural sources of isobutane could not furnish the 
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necessary quantities required for the combination of 
isobutane and butylene (alkylation) to form iso- 
octane, the principal constituent of aviation alkylate. 
The answer lay in large-scale conversion of normal 
butane to isobutane, or isomerization. It should be 
noted that isobutane and iso-octane have approxi- 
mately the same octane number ; but since iso-octane 
has a lower Reid Vapor pressure, it is suitable for 
engine fuels where the -utanes are not. Aviation 
gasolines usually require a Reid vapor pressure of 
around 7 pounds, and motor gasolines between 8 and 
13 pounds. Below these values, the fuels tend to lose 
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their quick-starting characteristics; above these 
values, the motors will tend to become vapor bound, 
or vapor lock, in warm temperatures. 

In general, blends of various aviation base stocks 
are still short of the desired Reid vapor pressure, so 


pentane than butane can be incorporated in the final 
blend for a given vapor pressure, resulting in a 
greater production of aviation gasoline. But, as in the 
case of isobutane, there are insufficient quantities of 
naturally occurring isopentane; and the refiner must 
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FIGURE | 
Simplified flow diagram of an isomerization unit 


that it is necessary to increase their vapor pressure 
by adding butanes or pentanes. Since isopentane has 
a lower vapor pressure than cither of the butanes, 
and is just as desirable from the octane standpoint 


, 


it stands to reason that a larger proportion of iso- 
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resort to isomerization of normal pentane to help 
make up the deficiency. 

Of considerable interest but of lesser importance, if 
judged by present commercial production rates, is the 
isomerization of hexanes, or 6-atom compounds, and 
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the isomerization of light naphtha. Both of these 
processes are in commercial use. Their final impor- 
tance depends upon their relative advantages when 
compared with other methods for increasing the 
octane number and volatility of fuels. 


General Description of Isomerization Processes 


All commercial isomerization units now in opera- 
tion involve contacting the hydrocarbon with alumi- 
num chloride promoted with anhydrous hydrogen 
chloride. (A promoter is a substance which, when 
even present in small quantities will greatly increase 
the activity of the catalyst.) Figure 1 shows a simpli- 
fied flow diagram for all types of isomerization units 
now in commercial use. 

Although the several types of isomerization units 
employ various methods of operation, a general de- 
scription of the process is as follows: Cold hydro- 
carbon feed is dried, split into two streams, and 
passed through preheaters to the desired tempera- 
tures. One stream, usually the smaller in quantity, is 
used for adding catalyst to the reactor either con- 
tinuously or intermittently. The main stream is 
heated to the desired temperature and usually is 
introduced at the same point as the recycle hydrogen 
chlotide (HCl) stream at the reactor. The flow 
through the reactor may be either upflow or down- 
flow; and the reactor may be filled with a pool of 
catalyst sludge, or a bed of catalyst adsorbent, or 
packing (usually quartz chips) to afford greater con- 
tact between hydrocarbon and catalyst. From the 
reactor, the effluent stream usually is sent to a vessel 
for the removal of the last traces of catalyst. This 
vessel may be a simple settler as in most liquid-phase 
processes, or a guard chamber filled with adsorbent 
clay as in the vapor processes, or a fractionator. with 
bubble caps. 

After removal of the last traces of catalyst, the 
stream contains the hydrocarbon and hydrogen chlo- 
ride, which is then charged to an HCl stripper to 
remove the hydrogen chloride. Since the operation is 
one of stripping the HCl from the hydrocarbon 
stream, the usual preference is for feeding the column 
on the top tray. The regenerated anhydrous HCl, 
containing some residual hydrocarbon, is recycled. to 
the reactor. The HCl-free hydrocarbon stream is then 
neutralized with a caustic solution to remove the last 
traces of acid and aluminum chloride and sent to 
fractionators to separate the isomerized product from 
the unreacted hydrocarbon. The unreacted material 
usually is recycled to the reactor for further isomer- 
ization. In butane isomerization a single fractionator 
for splitting the isobutane from the butane is the 
only tower required; however, in pentane and in 
naphtha isomerization where it may be desirable to 
separate small quantities of material both lighter and 
heavier than the main product, one or more additional 
towers may be required. In butane isomerization em- 
ploying an aluminum chloride stripper tower, it is 
possible to avoid concentrations of pentanes and 
heavier in recycle streams by taking a small slip- 
stream from the side of the stripper near the bottom. 
This slip stream may be neutralized and sent to an- 
other unit where the butane and isobutane may be 
recovered. 

Usually there are small traces of lighter hydro- 
carbons resulting from the isomerization reaction. In 
butane isomerization the hydrogen, methane, and 
ethane formed usually are vented from the HCI strip- 
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per charge accumulator through a small packed 
tower employing butane as the lean oil. Propane, 
having a lower volatility than HCl, accompanies the 
isobutane product. In pentane isomerization units, 
usually it is desired to recover butane by fractionation. 


Simplified Chemistry of Isomerization 


1. The reactions. 

The overall reactions of isomerization are simple 
and straightforward. Undoubtedly the reactions are 
more complex than they appear ; but under controlled 
conditions the predominating reactions are: 


Normal Butane -+ catalyst > isobutane -+- catalyst 
Normal Pentane + catalyst — isopentane -++ catalyst 


Similarly, normal hexanes in the presence of a 
catalyst will isomerize to’ form the branched-chain 
hexanes of higher octane number. 


If normal butane is put under the same conditions 
of temperatures and pressure as the conditions under 
which the isomerization process is carried out, iso- 
butane will not be formed, but in this case no catalyst 
is present. On the other hand, the catalyst is not com- 
bined with the final product. The catalyst, then, is 
the material which makes the above reactions take 


. place but does not enter into the reactions. The 


nature of the catalyst used for isomerization will be 
discussed later; but in general it can be said that the 
more catalyst that is présent, the faster the above 
reactions will take place—or the higher will be the 
conversion of the normal compound to the iso- 
compound in a given time, or at a given charge rate. 
2. Side reactions. 


Unfortunately, small quantities of the feed to an 
iscmerization unit undergo reactions other than 
isomerization, resulting in the production of gas and 
either lighter compounds or heavier compounds. Ap- 
parently the catalyst used and the temperatures em- 
ployed give rise to a small degree of cracking of the 
hydrocarbons, resulting in gas and heavy-ends forma- 
tion. Thus, some propane and pentanes are formed 
in the isomerization of normak butane to isobutane. 
These products of side reactions must be removed 
from the unit to prevent either a build-up of pressure 
or an increase in the undesirable side reactions. 

Side reactions can be controlled to some extent by 
changing the conditions in the reactor, such as tem- 
perature, or by improving the purity of the fresh 
feed stock. 

3. Effect of temperature. 

Temperature usually increases the speed of any re- 
action; and a large number of operators feel that in- 
creased temperature results in increased conversion 
of normal to iso-compounds. Increasing temperature 
also promotes the cracking reaction; and in the opin- 
ion of some, the cracking reaction gives rise to small 
traces of products which poison the catalyst. The 
overall result may be that an increase in temperature 
will tend to reduce the percent conversion of normal 
to iso-compounds; however, recent data point to the 
fact that with a pure feed stock, an increase in tem- 
perature increases the overall conversion. The in- 
crease in the cracking reactions at the higher tem- 
perature probably will increase catalyst consumption, 
and there might be an economical point at which fur- 
ther increases in conversion accomplished by the tem- 
perature rise are not justified due to the increased 
cost of catalyst per barrel of product. 


Temperature is one of the most important controls 
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available to the operator. If increased conversion is 
desired, the temperature of the feed to the reactor 
may be increased, provided : 


a. The pressure will not be increased beyond the given 
maximum. 

b. Feed stocks or recycle stocks are sufficiently pure 
that no undue amount of side reactions take place. 

c. If the catalyst-addition system is on the same control, 
the rate of catalyst addition to the reactor must not 
exceed a certain maximum amount to prevent plug- 
ging or sludging. 


4. Effect of pressure. 

Pressure may affect the isomerization reaction in 
two ways. First the pressure-temperature relation- 
ship in the reactor determines the proportion of va- 
por and liquid in the reactor, which affects the time 
of contact between the hydrocarbon and the catalyst, 
and in turn, the degree of conversion. There is also 
some evidence that vapor-phase reactions of this na- 
ture might proceed more rapidly than liquid-phase re- 
actions, although the final couc!usion might turn out 
to be mechanical in explanation. Pressure also in 
creases the hydrogen chloride concentration in the 
liquid phase of those processes employing “liquid 
phase”, and thus may contribute toward increased 
conversion. 

In general, pressure is of secondary importanee to 
the operator as a means of increasing conver gion. 

5. Effect of catalysts. 

As pointed out before, catalysts step up the reac- 
tion of isomerization to allow commercial application 
Aluminum chloride is the cata'yst used at the pres- 
ent time in all plants in commercia! operation. It has 
been found that small quantities of anhydrous hydro- 
gen chloride (not to be confused with hydrochloric 
acid—the water solution) will increase the activity of 
alumirium chloride as a catalyst. Accordingly, hy- 
drogen chloride is used as a promoter in concentra- 
tions varying from 3 to 20 percent. Certain other sub- 
stances have the power of inhibiting the undesirable 
side reactions which cause cracking and excessive 
catalyst consumption. These inhibitors usually are 
used in concentrations of 1 percent or less. _ 

The more intimately the hydrocarbon comes in 
contact with the catalyst the higher will be the con- 
version. In some types of isomerization units, the 
catalyst, aluminum chloride, is finely dispersed into 
special porous clays, thus assuring the maximum ex- 
posure of catalyst surface per pound of catalyst 
used. In this type of operation, the hydrocarbon is 
passed up through the catalyst bed as a vapor. In 
other types of units, aluminum chloride is employed 
as a “complex,” a combination of aluminum chloride 
and hydrocarbon, and the complex is distributed 
throughout the reactor either as a pool of liquid, or 
as a cascading stream on reactor packing. In the 
“complex” type of units, the catalyst is not as finely 
divided ; but the hydrocarbon is passed. through the 
catalyst as a liquid or as a mixture of vapor and 
liquid, which fora given size vessel, allows longer 
contact time between hydrocarbon and catalyst. 

The catalyst concentration is another very impor- 
tant variable which the operator can readily control. 
In vapor-phase units, the catalyst usually is sub- 
limed intermittently into the clay adsorbent, ac- 
cording to a careful schedule designed to give opti- 
mum conversion. In liquid-phase units catalysts may 
be added directly into the reactor or by soiution in the 
charge stream. In the type of unit with catalyst re- 
cycle to the reactor, the recycle rate may be increased 
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TABLE 2° 


Experimental Liquid Phase Equilibrium Distribution of 
Butanes, Pentanes, and Hexanes 




















LIQUID VOLUME PERCENT 

Temperature 70° F. 212° F. 300° F. 400° F. 
Butanes: . 

PG «utttekdenenswke 85 75 65 57 

«4 neckvaséaneates 15 25 35 43 
Pentanes: 

a ee 95 85 78 71 

is. oo wy 36 5ke ences pb 5 15 22 29 
Hexanes: ‘ 

Ee Pees 57 38 28 21 

2, 3-Dimethylbutane........ 11 10 9 9 

2-Methylpentane........... | 20 28 34 36 

3-Methylpentane........... | 8 13 15 17 

UIs ceniesekuscxenns | 4 | ll 14 17 











in addition to the increase of fresh catalyst input. 
If increased conversion is desired, the rate of catalyst 
addition may be stepped up, provided it does not 
cause plugging in either reactor, lines, pumps, or 
instruments. Alternately, or in conjunction, the HCl 
recycle or concentration may be increased if pres- 
sure limitations are not exceeded. 

6. Effect of space velocity or contact time. 

The effect on isomerization of space velocity, or 
contact time, is integrally tied up with catalyst con- 
centration. The size of the reactor, the solubility of 
aluminum chloride, and mechanical factors limit the 
amount of catalyst which can be brought in contact 
with the hydrocarbon and thus fix the upper limit of 
contact time between the catalyst and hydrocarbon. 
In all types of units it has been possible to produce 
approximately one barrel per day of isobutane per 
cubic foot of reactor volume. The reactor volume in- 
cludes the volume of packing in the reactor; and in 
those units employing a guard chamber, which will 
be discussed later, the volume of the guard chamber 
must be considered. The longer the hydrocarbons are 
in contact with catalyst, the more nearly the material 
will approach equilibrium at the existing tempera- 
ture. (Table 2.) To the operator, this means that as 
the feed rate to the reactor is increased, more cata- 
lyst must be added if the same conversion is desired 
at a given temperature. Increased conversion may 
also be obtained by raising the reactor temperature. 
(See Effect of Temperature.) 

7. Effect of feed-stock impurities. 

One of the most important controls in successful 
isomerization practice is feed-stock purity. This is 
particularly true in butane isomerization. The more 
common feed-stock impiirities are (a) olefins, (b) 
water, (c) sulfur, and (d) heavy hydrocarbons. Very 
small traces of olefins, usually 0.1 percent or less, 
will cause a poisoning of the catalyst and excessive 
sludging of the catalyst. The introduction of olefins 
into the reactor may cause an immediate decrease 
in conversion. Water causes rapid corrosion of equip- 
ment and excessive catalyst consumption. Water re- 
acts with aluminum chloride to form hydrogen chlo- 
ride and aluminum: hydroxide, which in the alumi- 
num chloride saturators, will cause plugging. Water 
in contact with iron and hydrogen chloride will re- 
act ‘to form iron chlorides and liberate the water to 
repeat the process at the expense of steel equipment. 
Sulfur will poison the catalyst, decreasing conversion 
and increasing catalyst consumption. In the case of 
butane isomerization, hydrocarbons heavier than bu- 
tane will cause excessive sludging and cracking with 
the production of olefins. Small quantities of isopen- 
tane, usually less than 3 percent, actually may help 
the liquid-phase processes and mixed-phase processes 
employing a sludge-type catalyst. It is extremely im- 
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portant, however, to keep the first three impurities 
mentioned to a minimum. 
8. Effect of isomerized hydrocarbon in the feed. 

The inclusion of isomerized hydrocarbon in the feed 
to the reactor will reduce the net conversion to the 
isomerized product, and thereby, the capacity of the 
unit. The conditions under which the process is 
operating determines the concentration of isomerized 
material in the effluent stream; and therefore if iso- 
merized material is in the feed to the unit, then the 
remaining isomerized product represents the limit of 
production from the reaction. For example, if a bu- 
tane-isomerization unit is operating under conditions 
of temperature pressure, and catalyst concentration 
to give an effluent containing 50 percent isobutane, if 
the feed contains 5 percent isobutane the reactor is 
producing only 45 percent; if the feed contained 10 
percent isobutane, the reactor produces only 40 per- 
cent, and so on. This has the effect of reducing the 
capacity of the unit; and therefore, the feed stocks 
to the unit should be as free of the final product as 
possible. 

Types of Isomerization Units 


There are several possible bases for the classifica- 
tion of isomerization units. The primary classifica- 
tion is, of course, based on the final product, such as, 
butane isomerization unit, pentane isomerization unit, 
neohexane unit, isomate unit, etc. Considering any 
one type of product, such as isobutane, a further 
classification may be made on the basis of the phase 
condition of the materials in the reactor, such as 
liquid phase, mixed phase, or vapor phase. Still an- 
other classification may be made on the basis of the 
type of catalyst and adsorbent used, such as, alumi- 
num chloride, aluminum chloride sludge, etc. 


Butane Isomerization Units 


Butane isomerization constitutes by far the great- 
est number of isomerization units. The total number 
of pentane-, hexane-, and naphtha-isomerization units 
in this country is still less than ten. The butane- 
isomerization units are divided rather equally 
throughout the country as to the number of vapor- 
phase units on one hand, and the mixed-phase and 
liquid-phase on the other. 

Since butane-isomerization units are more univer- 
sally in use, the following comments will apply to 
butane units only. 


Vapor-Phase Units 


In vapor-phase processes, the butane and hydro- 
gen chloride promoter are passed through the re- 
actors as gases. Butane from storage or from other 
refinery units, together with recycle butane, can be 
split into two streams. During the sublimation pe- 
riod, one stream is passed through the aluminum chlo- 
ride subliming vessels, where the hot butane vapor- 
izes the aluminum chloride and passes into the re- 
actor. During normal operation, the one main stream 
only goes to the reactor. Both streams are previously 
heated to the desired temperatures. The rate of addi- 
tion of aluminum chloride to the reactor is governed 
by the temperature and quantity of flow through the 
subliming vessels. These vessels may be operated 
continuously although in almost all instances, sub- 
limation is carried on intermittently. 

Flow through the reactor generally is upflow, the 
catalyst being aluminum chloride supported on a clay 
carrier, (prepared in situ). The catalyst usually is 
supported on a steel or alloy distributor plate in which 
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holes are drilled. In most units the effluent from the 
reactor is fed immediately to a guard chamber, which 
is also filled with the adsorbent clay, to remove the 
final traces of aluminum chloride and thus prevent 
possible plugging of downstream equipment due to 
the precipitation of solid aluminum chloride. From 
the guard chamber the product is condensed and sent 
to the HCI stripper as in the other butane units. 

The isomerization reaction gradually spends the 
catalyst and forms small quantities of tar, or coke- 
like material, probably as a result of side reactions 
such as cracking. The catalyst bed must be continu- 
ously or intermittently recharged with aluminum 
chloride to maintain its activity. A point is eventually 
reached where the tar material plugs the bed to such 
an extent that further sublimation of aluminum chlo- 
ride is either impossible, or does not restore the 
activity of the bed sufficiently to warrant its further 
use. The bed is then dumped and repacked. 

Vapor-phase units give a high catalyst life, or yield 
of isobutane in gallons produced per pound of cata- 
lyst. There are two disadvantages to the process: On 
dumping the spent catalyst bed a _ considerable 
amount of HCl is lost as a chemical complex with the 
aluminum chloride. Second, the beds may plug eas- 
ily unless very careful control is maintained on feed 
stock. Impurities in the feed also have a more pro- 
nounced effect on the conversion in vapor-phase than 
in liquid-phase units. Temperatures employed range 
from 240° to 300° F. with pressures from 200 to 260 
psi. 

Liquid-Phase Units 

As the name implies, liquid-phase-units operate 
with the butane contacting the catalyst as a liquid. 
The catalyst may be an aluminum chloride-hydro- 
carbon complex or it may be aluminum chloride in 
solution with molten antimony trichloride as a car- 
rier. Anhydrous hydrogen chloride also is used in 
liquid-phase processes employing aluminum chloride. 
Recently a process employing aluminum bromide, 
in which no HCl is required, has been developed. So 
far, there are no commercial units using aluminum 
bromide. 

Butane is fed to the bottom of the reactor, where it 
is distributed over the area of the reactor and rises 
through a liquid pool of the catalyst and hydrocar- 
bon. The pool of catalyst may be 40 feet to 50 feet 
deep. The lighter butane-isobutane product collects 
on top of the catalyst bed and separates as a distinct 
layer. This layer is continuously drawn off the top 
of the reactor and passed through a product cooler 
into a product accumulator. The product accumulator 
serves as a surge drum for charging the HCl stripper. 
From then on, the liquid-phase is similar to the vapor- 
phase process. 

In the plants wherein the antimony trichloride 
aluminum-chloride liquid catalyst is employed, stirred 
reactors are used with good results as far as catalyst 
requirements are concerned. 

In liquid-phase units temperatures employed are in 
the range of 185° to 250° F., and pressures from 350 
to 450 psi. ‘ 

Mixed-Phase Units 


The mixed-phase units use temperatures from 185° 
to 250° with pressures from 200 to 300 psi. The con- 
tents of the reactor are part liquid, part vapor. The 
catalyst employed is aluminum chloride, which is 
carried by the feed down over quartz chips in the re- 
actor. he heavy aluminum chloride-hydrocarbon 
sludge which forms in small quantities is separated 
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from the product in a space provided in the bottom 
of the reactor and is drawn off intermittently. The 
reactor product is withdrawn from the side of the 
vessel and near the bottom, This effluent contains a 
considerable quantity of dissolved aluminum chlo- 
ride, so the stream is-sent to an aluminum-chloride- 
stripper tower, where the catalyst is concentrated in 
the bottoms product along with any pentanes and 
heavier material which either entered with the feed 
or was formed in the reaction. A portion of this 
bottoms is neutralized and withdrawn from th« iso- 
merization unit to prevent a build-up of heavy im- 
purities in the reactor. The main portion of the bot- 
toms from this tower is recycled back to the top of 
the reactor, The overhead from the aluminum-chlo- 
ride-stripper is condensed and sent to the HCl-strip- 
per as in other butane isomerization processes. 

The liquid-phase and mixed-phase processes do not 
seem to be quite as susceptible to feed-stock impuri- 
ties as the vapor-phase units; but on the other hand, 
these units will consume large quantities of catalyst 
per gallon of isobutane produced if the feed stocks 
are allowed to contain impurities. 

Corrosion problems are more severe in the liquid- 
and mixed-phase processes, as the sludge in mixture 
with HCl is very corrosive, necessitating the use of 
special alloys. Certain inhibitors may be used to re- 
duce corrosion difficulties. 


Pentane Isomerization Units 


In pentane isomerization the same general rules 
governing the chemical reactions apply. The equilib- 
rium yields of isopentane and normal pentane.at vari- 
ous temperatures are shown in Table 2. Typical yields 
on once-through isomérization are shown in Table 4. 

The feed prefractionated to give practically pure 
normal-pentane feed to the reactor system. Ajumi- 
num chloride and hydrogen chloride are added as in 
the butane-isomerization processes. The reaction 
takes place in the liquid phase. The reactor effluent 


TABLE 3’ 
Once-Through Yields on Butane Isomerization 
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TABLE 4’ 
Once-Through Yields on Pentane Isomerization 








Reactor Effluent Weight, Percent 
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Yields and Product Quality for Once-Through and 
Recycle Hexane Isomerization 


























Recycle Ratio 
1:1 2:1 
Hexane Once- (Calcu- (Calcu- 
Feed Through lated) lated) 
Yields: 
Dry Gas, Volume Percent. 1.8 3.6 5.3 
Butane, Volume Percent 3.8 6.3 8.7 
Products, Volume Percent... 96.8 _ 87.2 85.2 
Bottoms, Volume Percent cree 7.0 6.2 
Product Octane Number: 
4s ~ ea eegr 65.5 80.0 88.0 91.4 
AFD 1—C+4.0 cc TEL. 87.0 100 100+1.5 | 100+3.6 
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is then stripped of catalyst and HCl, and is returned 
to the fractionators where the heavy ends and the 
isopentane are separated, and the normal pentane re- 
cycled to the reactor. Hydrogen and benzene have 
been the agents most generally used to suppress 
cracking reactions. Typical operating: temperatures 
are from 170° to 200° F., and from 250 to 350 pounds 
pressure. Typical effluent concentrations of 45 to 
55 percent isopentane are reached. 


Light Naphtha Isomerization 


The equipment for light-naphtha isomerization is 
essentially the same as for pentane isomerization 
with possibly one or two more towers for separation 
of products if desired. In the two commercial units 
now in operation an aluminum chloride-hydrocarbon 
complex is employed, using hydrogen chloride as a 
promoter. Hydrogen is admitted to the reactor to sup- 
press cracking reactions. Temperatures employed 
may vary from 220° to 250° F., and pressures from 
650 to 750 pounds. The feed to the reactor usually 
consists of pentanes and hexanes, In one process a 
virgin light naphtha of approximately. 160° F. 
ASTM end point is used. 

Table 2 shows the equilibrium distribution of vari- 
ous hexane isomers. Table 5 shows the estimated 
yields and quality in hexane isomerization by the In- 
diana process. 

Equipment Notes 


The success of the isomerization processes in meet- 
ing the demand for aviation gasoline has depended to 
a major extent on the successful solution of various 
mechanical and corrosion problems. Due to war sec- 
recy orders, it is not possible to present some of the 
more detailed information necessary for successful 
operation of an isomerization unit. The following 
general information, however, should always be 
borne in mind by operators. 

1. Water, even in minute traces, is always corrosive 
in the presence of either ‘aluminum chloride or hydro- 
gen chloride or both. It is essential that all traces of 
water be removed from feed stocks and from equip- 
ment before placing on-stream. 

2. The aluminum chloride-hydrogen chloride-hy- 
drocarbon sludge is very corrosive, and special alloys 
or liners must be used wherever this type of material 
is encountered. 

3. Aluminum chloride has limited solubility in 
hydrocarbons. Either conditions at all points must 
be maintained considerably below the saturation 
point of aluminum chloride in hydrocarbon, or equip- 
ment must be designed with increased clearances and 
flush lines to allow for upsets in operation which 
might cause precipitation of aluminum chloride. 

4. There seems to be a considerable tendency for 
equipment to fail due to stress corrosion when in the 
presence of hydrogen chloride and hydrogen fluoride. 
Vapors of these materials escaping from small leaks 
may condense on cold metal in contact with moist 
air. Alloy steel bolts should be used in these areas, 
and extra heavy pipe of good quality should be em- 
ployed where corrosion might occur. Lines and ves- 
sels alike should be stress relieved. 

The author wishes to acknowledge the helpful 
criticisms and suggestions of Mr. Otto Gerbes of 
Humble Oil & Refining Company and Mr. R. C. 
Alden of Phillips Petroleum Company. 
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FUNDAMENTALS OF 
Consistency and Viscosity 


J. J. BKERMAN ‘ 


V..“Anomalous” Viscosity 


“A 
NOMALOUS” liquids differ from “normal” 
ones in one or more respects, Much confusion has 
been created in scientific literature because of the 
tendency to explain dll deviations from “normality” 
by one theory or one mechanism. Now there is no 
doubt left that liquids can be “abnormal” in nearly 
as many ways as men can. 

Several classifications of “anomalous” liquids have 
been advocated. Figure 12 reproduces one of them 
tentatively approved by British Rheologists’ Club 
(Bilmes* and also Pryce-Jones**). In this review the 
deviations from “normality” are grouped into three 
classes although combinations of two or all three 
deviations are more usual than are the pure types. 

These three types are: 

1. Substances for which Newton’s hypothesis, i.e., 
equation (1), is not valid but which still have prop- 
erties independent of time and of the conditions of 
experiment. 

2. Substances of which the properties vary in time, 
although at every moment they may behave as New- 
tonian liquids and have a mobility independent of 
the conditions of experiment. 

3. Substances the mobility of which depends- on 
the disturbance produced by the experiment but 
which do not age and may still conform to Newton’s 
hypothesis. 


VI. Non-Newtonian Liquids 


Newton’s equation (1) stating that the frictional 
force (between two layers in relative movement) is 


proportional to the gradient ae of velocity (also 


called rate of shear) is a pure hypothesis. It happens 
to be correct for many liquids within a very wide 
range of conditions but still there is no reason known 
why a liquid, otherwise quite “normal,” should not 
deviate from it. The frictional force does not need, at 
least in theory, to be a definite function of the velocity 


d*u 


gradient at all; it may depend, for instance, on = 


instead of on oe However a definite relation be- 


tween frictional force and rate of shear usually is 
postulated. 


To find the relation between F and an when they 


are not simply proportional, is somewhat less easy 
than to measure the viscosity of a Newtonian liquid. 
In this respect two of the first three types of viscom- 
eters mentioned in Section II, that is that using a 
relative translation of plates and that employing 
rotating cylinders, have a considerable advantage 
over the viscometers of other kinds. The velocity 
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| _ PART 2 


N this, second instalment of the article, see Petroleum 
Refiner for September, 1945, the consistency and vis- 
cosity of colloidal solutions, pastes, slurries, etc., is re- 
viewed. It is shown in what ways their behavior differs 
from that of simple liquids, and what conditions must 
be taken care of, if useful results have to be obtained. 

The last installment, to appear next month, will treat 
the effects of temperature on consistency, and also mis- 
cellaneous tests. 











gradient in the first type is constant across the whole 
liquid layer and for a given apparatus is directly pro- 
portional to the velocity of the movable plate. Hence 


the relation between F and a. is obtained by forcing 


the plate to move at different speeds and determining 


the forces required for that; the variation of F with 
sa is identical with that of force with speed. 
In the instruments of the Couette type the velocity 


gradient is not constant within the liquid but the 


FLUID 








SOLID 
FIGURE 12 


torque on the inner cylinder, i.e, the magnitude which 
is actually measured, depends only on the velocity 
gradient immediately at the surface of the cylinder, 
i.e., On One velocity gradient only. For the given 
viscometer this. velocity gradient is proportional to 
the linear speed of the outer cylinder or, in more 
usual units, to the angular speed (radians per second) 
of its rotation. This angular speed is varied in steps, 
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and the torque on the inner cylinder is determined 
for every step. The relation between speed and torque 
is identical with that between rate of shear and 
frictional force. Due c: ‘:fly to E. Hatschek, instru- 
ments of this kind have been used widely for study- 
ing the “anomalies” of viscous behavior. 

Capillary viscometers allow the decision to be 
made as to whether the given sample is a Newtonian 
or a non-Newtonian liquid. The volume V of liquid 


RATE OF FLOW 


RATE OF SHEAR 








FIGURE 13 


passing in a second through the capillary is deter- 
mined for several pressures P; if Poiseuille’s law is 
applicable, V is proportional to P. If it is not, equa- 
tion (1) is shown not to hold. However, the relation 
between V and P cannot be used for calculating that 
between frictional force and rate of shear since the 
rate of shear has a whole set of values along every 
radius of the capillary. The rate of flow of liquid has 
a maximum along the axis of the capillary, and the 
rate of shear there is equal to nothing. In Figure 14 
the rate of flow and the rate of shear are shown for 


F 


te 








FIGURE 14 


the Poiseuille case, but _ 
in the middle of the tube also for “anomalous” 
liquids simply because of symmetry considerations. 
On the other hand the rate of shear may be expected 
to be high near the wall for every kind of liquid. 

It is: necessary therefore to determine experi- 
mentally the rate of shear at different distances from 


u ° 
~ must be equal to nothing 
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the wall of the capillary. That can be achieved by 
adding a dye or a visible powder to the liquid and 
measuring the speed of its movement at different 
points of the cross-section (Kroepelin,”* Lawrence”). 
If the liquid is very viscous another method due to 
Reiger® is possible. The liquid is pressed into a 
capillary and then the pressure suddenly relieved. 
The profile of the meniscus may be identified with 
the curve of the rate of flow as shown in Figure 13; 
capillary forces are too weak to affect the profile in 
the short time between the relieving of the pressure 
and examining of the meniscus. Bingham” as well 
used this appealing method. 

Whatever the method used, curves are obtained 
which represent the variation of frictional force or of 
a related magnitude with the gradient of velocity. 
Figure 14 shows a typical shape for a non-Newtonian 
liquid and for comparison the straight line obtaining 
for simple liquids. The broken line leading to A 
from B is a product of theory and will be discussed 
presently. As is easily seen from Figure 14 the fric- 
tional force F at high rates of shear is a nearly linear 
function of the rate of shear as for Newtonian liquids, 
but strongly deviates from linearity at low rates of 


"VISCOSITY" 











RATE OF SHEAR 
FIGURE 15 
shear. If “viscosity” of the liquid is calculated after 


Newton, i.e, by dividing F by -S",, its value will 
change with rate of shear as shown in Figure 15. The 


“ec . _du_ ”? 
F; ,~ 


: du 
menishes when po 


ratio is high at low rates of shear, di- 


increases and then becomes nearly 


constant, as it should always be according to New- 
du 
dx 
becomes turbulent and a calculation of frictional 
force impracticable. . 

Figure 16 is an example of “anomalous” viscosity 
taken from the asphalt industry. It shows frictional 


force F and the ratio “Fo ” for a “steam-refined 


ton’s hypothesis; when increases further the flow 


asphalt of paving consistency” as functions of the 
rate of shear in a modified Couette viscometer. The 
data are from Traxler and Coombs.” 

Paraffinic Pennsylvanian oil V, yielded the curve 
shown in Figure 17. Its ordinate is the rate V of 
discharge of the oil through a capillary tube under 
the pressure P (M. Jordachescu*). Consequently the 
curve does not represent the relation between fric- 
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i@ deformed elastically (or 
first plastically and then elas- 
tically) but does. not flow. 
When the stress exceeds Y 
the sample starts to flow like 
a Newtonian liquid with the 
difference that neighboring 
layers between which the fric- 
tional force is less than Y 
move as a whole. Instead of 


F = 1-1" we have then 
dx 
; naa 
F—Y=y7 dx (9) 
This theory implies two 


points accessible to experi- 
ment. (a) If the sample is 
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tional force and velocity gradient; but it does show 
a nearly straight portion at high speeds (i.e. a nearly 
normal viscosity) and a curving near the origin of 
the coordinates quite similar to those shown on 


Figures 14 and 16. The broken line is again a theo- 


retical extrapolation of the linear part of the curve. 

In Figure 18 some results obtained with a cellu- 
lose acetate solution are shown (Phipps**). Curve 1 
shows the rate of fall of spheres made of different 


V 


. 








FIGURE 17 


materials plotted against p—», (density of material 
minus density of solution). As the driving force is 
proportional to e—P,, the rate of fall as well is for 
Newtonian liquids proportional to this difference. 
Figure 18 shows that this proportionality is not ob- 
served for solutions of cellulose acetate. The same 
solution also was pressed through a capillary and the 
rate V of discharge plotted against the pressure 
gradient P gave curve 2 of the same general shape as 
curve 1. A large number of similar curves have been 
recorded in literature. 

Bingham* has suggested to extrapolate the linear 
part of the curve “F against a 
tional force represented by the length OA (see Fig- 
ure 14) yield value Y and the ratio of oe to F—Y, 
mobility. The idea underlying this treatment is that 
“anomalous” substances are elastic; as long as the 
applied stress remains below the value Y the sample 
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’ and to call the fric- » 


elastic it must be possible to 
prove its elasticity in a more 
direct way. (b) If the neigh- 
boring layers for which 
F—Y=O move as a whole their cohe-ence must 
be observable. 

To (a). Schwedoff®* probably was the first to show 
that elasticity could be detected in substances which 
from all other points of view were unquestionably 
liquid. He suspended on a torsion wire a cylinder in 
a gelatin solution; when the wire was turned by a 
definite angle the cylinder followed it first but then 
stopped without reaching the angle arrived at by the © 
wire, That behavior would correspond to the broken 
line in Figure 14. In other experiments the cylinder 
finally did catch up with the wire but the last small 
fraction of the way took a much longer time than 
would be expected from the rapid movement at the 
beginning ; this behavior reproduced the full “anoma- 
lous” line of Figure 14. 
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Another method of detecting elasticity has been 
introduced by Freundlich and Siefriz.** They em- 
bedded in a gelatin or soap solution a small particle 
of nickel which could be observed in a microscope. 
Near the particle they placed an electromagnet. 
When the current in the coil of the magnet was 
switched on, the nickel particle jumped towards the 
magnet; and when the current was switched off (if 
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it did not last for too long) “the particle returned to 
its original position. When the current was on for a 
longer time or the magnet placed too near the par- 
ticle, the return was not complete. 

To (b). In a viscometer of the Couette type when 
the outer cylinder is slowly rotated the whole sample 
rotates with it around the inner cylinder which, after 
having turned by a definite angle, remains station- 
ary: the torsion of the ‘wire on which the cylinder is 
suspehded is equal to the tarque exerted by the sam- 
ple on the surface of the cylinder. When the speed 
of rotation of the outer cylinder increases it can be 
seen (Buckingham,* Reiner**) that the “solid” layer 
moving together with the outer .cylinder gets thin- 
ner; when the speed is further raised this “solid” 
layer disappears altogether and the whole “liquid” 
moves in concentric layers the quicker the nearer to 
the outer cylinder. 

In a capillary viscometer the movement of the 
sample as a solid plug near the axis of the capillary 
can be shown by “freezing out” the profile of velocity 
as mentioned above in this section. 

Although these experiments seem to confirm the 
treatment of “anomalous” viscosity suggested by 
Bingham, two types of objections have been raised 
against it. 


(1) As shown in Figure 14 the curve F against au 


rises from the origin of the coordinates quite 
‘smoothly and a determination of the point B from 
which a straight line BA has to be drawn cannot be 
made without considerable arbitrariness. In many in- 
stances the upper part of the curve cannot be said to 
be truly linear at all and it is hardly justified to 
straighten its upper part and to neglect its lower 
stretch because of theoretical considerations. Some 
followers of Bingham, unable to account for the ex- 
perimeatal curves on the assumption of one kind of 
elasticity, compared their samples to a system of 
elastic and viscous resistances (springs and pistons) 
the working of which is as difficult to memorize as 
the experimental data. It must be emphasized that 
the majority of the observations reported in (a) and 
(b) are in agreement also with the view that there 
exists no yield point but that the “anomalous vis- 


cosity,” i.e., the ratio F: a , is so large at small rates 


of shear that a quasi-solid behavior is simulated. 

(2) A curvilinear relation between frictional force 
and rate of shear is shown also by samples in which 
no elasticity can be detected by the methods briefly 
described under (a). Against this argument it can 
be said that measurements of flow may be more 
sensitive detectors of elasticity of liquids than either 
of the direct methods. Apparently all samples show- 
ing an elasticity possess an “anomalous viscosity.” 

Those not satisfied with Bingham’s approximation 
deduced from experiments or from theory several 
different relations between the frictional force F and 
the velocity gradient a 
Lowe and Neale*’ wrote 


1 
Fu= [9)-y (10) 


n and, 7, being empirical constants. Many other equa- 
tions have been proposed, some of them complicated. 


For instance, Farrow, 


VII. Causes of the Non-Newtonian Behavior 


An empirical correlation between frictional force 
and velocity gradient does not yet constitute a theory 
of “anomalous viscosity.” If, e.g., we accept Bing- 
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ham’s treatment as valid, the question remains of 
why a substance which in all other respects is a 
typical liquid shows elasticity which always has been 
considered a prerogative of solids. With what kind 
of molecules or molecular forces or other funda- 
mental quantities is this behavior associated? 

A clue seems to be given by the fact that, as far as 
we know, no chemically pure and physically homoge- 
neous substance shows any viscosity anomaly. The 
number of systems which do show such anomalies is 
by now large but they all belong to mixtures; some 
of them may be classified as solutions, some as sols 
(i.e. coloidal solutions), whilst others are coarse 
emulsions or suspensions. As a matter of fact col- 
loidal mixtures unless very diluted are more likely 
than not to deviate from Newton’s hypothesis. 

Several reasons can be conceived for colloidal solu- 
tions having different viscosity laws from those of 
ordinary (“molecular”) liquids. 

It can be shown by means of classical hydrody- 
namics that a suspension of rigid spheres which are 
much larger than a molecule but much smaller than 
the shortest distance between the spheres must have 
a larger viscosity than the liquid in which the 
spheres are suspended. The theoretical equation due 
to A. Einstein is 

%—12(1+2°5¢) (11) 

Ms is the viscoc'ty of the suspension, 7 that of the 
solvent, and ¢ ; the ratio of the total volume of the 
spheres to the total volume of the suspension. The 
conditions in real suspensions and even more so in 
real colloidal solutions usually are more complicated 
than those postulated in deducing equation (11) so 
that the range of its applicability is not wide, but 
it is certain that, other conditions being equal, the 
viscosity does increase with the ratio ¢. 

That opens perhaps a possibility of explaining 
the decrease of frictional force on increasing the rate 
of shear. It is believed that colloidal particles (say, 
of'soap in water or in water plus mineral oil) are 
surrounded with a layer of solvent more or less 
firmly attached to them. In this way the ratio ¢ be- 
comes larger than that. calculated from the volume of 
the powder when dry. Swelling of the particles would 
raise ? in a similar manner. If at a high rate of shear 
the more distant parts of the “solvent envelope” are 
shorn away, the ratio # would be the smaller the 
higher the rate of shear; according to equation (11) 
the viscosity 7, as well would then decrease with ¢. 
The drawback of this hypothesis is that shearing off 
of external parts of the solvent envelope has not 
been demonstrated in any other way. 

If the colloidal particles are liquid instead of being 
solid, another explanation +f the curve F against 


ia 's possible (Hatschek®). Let in Figure 19 the 


circle represent a drop suspended in a liquid moving 
downward in a tube. The wall of the tube is at the 
right hand of the picture nearer to the drop than at 
the left-hand side; hence the liquid has a higher 
speed at the left-hand side of the drop than on the 
opposite side. This will cause the drop to rotate but 


- it may also deform it. The deformation is likely to be 


the larger the greater is the velocity gradient and, as 
non-spherical particles influence viscosity differently 
from spheres, the viscosity will vary with the velocity 
gradient. 

The difference just mentioned between the effects 
on viscosity of spherical and non- spherical particles 
is striking, so striking indeed that it was believed 
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that “anomalous viscosity” occurred in a colloidal 
solution only if its particles were anisometric. 
Anisometric particles are those in which at least one 
main dimension is very different from the other two; 
rods, fibres, leaflets, plates, etc., are anisometric. 
Non-spherical particles in which the three main di- 
mensions are nearly equal as, e.g., cubes, regular 
octahedrons, etc., behave in suspension very much 
like spheres. 

It is easy to see in what manner solid particles 
generally and anisometric particles especially must 
contribute to the viscosity of suspensions, in addition 
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of course to their effect on the ratio ¢ in equation 
(11). As illustrated in Figure 19 a particle suspended 
in a liquid moving in a tube or a channel rotates since 
the velocities of the liquid are different right and 
left of the particle. The more extended the particle 
is across the direction of flow, the larger will be the 
difference between the velocities at its ends (Figure 
20) as well as the momentum of the rotating couple. 

Rotation of a sphere does not stop as long as the 
movement of the liquid continues, but it may seem 

















LU) | | 


FIGURE 22-A 





FIGURE 21 FIGURE 22-B 


at the first glance that an elongated particle will 
cease to rotate as soon as the position along the lines 
of flow is reached (Figure 21). In reality rotation 
persists and its primary cause is Brownian move- 
ment. Because of this random movement the particle 
cannot keep a definite direction. Figure 22 shows 
two phenomena possible when the particle. deviates 
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from its straight course. In Figure 22a its front is 
turned towards the middle of the tube. The liquid 
near the front moves more rapidly than that near 
the back edge, and the particle is quickly shifted back 
into its original position along the lines of flow. But 
if the front of the particle happens to turn towards 
the wall as in Figure 22b its back edge gains on the 
front and the particle gradually accomplishes a half 
rotation (of 180°). 
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FIGURE 23 

As pointed out in Section II, the velocity of a 
liquid at a given pressure gradient is the highest 
when the movement is laminar, i.e., when the whole 
liquid moves in parallel layers without any head-on 
collision between various streamings. The regime 
characterized by such collisions is the turbulent 
regime in which the liquid is less mobile than in a 
laminar flow. From the preceding paragraph it fol- 
lows that every elongated particle creates around it 
something of a region of turbulent flow and thus 
raises the frictional force within the suspension. 

Let us consider again Figure 14. Let us»denote by 
4F the increase of frictional force due to the “anoma- 
lous” behavior of the sample, i.e., the difference be- 
tween the F values on the “anomalous” and the 
“Newtonian” curves for a given rate of shear. It is 
seen that 4F first rapidly increases with the rate of 
shear and then becomes nearly independent of it. If 
4F is due to local turbulences produced by rotating 


. ° a 3 ‘ 1 
articles this variation of 4F with ©" can be under- 
I dx 


stood. At low rates of shear the hydrodynamic forces 
which tend to rotate the particle are smaller than, or 
about as big as, the force causing Brownian move- 
ment so that Brownian movement may turn, say, a 
particle in the position of Figure 22b clockwise 
although the velocity gradient would produce a 
counterclockwise. rotation. The higher the velocity 
gradient the more particles follow the couple set by 
it and, when nearly all particles do follow, the addi- 
tional force cannot rise any more. A more quantita- 
tive argument on similar lines can be found in a 
paper by Robinson.** 

Mardles*® described a set of experiments devised 
to test a consequence of the above theory. He argues 
that if the additional frictional force originates from 
local turbulencies around elongated particles, it 
should be the less the smaller the viscosity of the 
medium as in a “thin” medium the particles are more 
likely to be orientated. In agreement with this hy- 
pothesis the relative increase in viscosity produced 
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by adding bentonite to saturated hydrocarbons is the 
larger the higher the viscosity of the hydrocarbon. 


VIII. Aging Liquids 

These liquids correspond to the second of the types 
listed in Section V. Aqueous solutions of agar and of 
gelatin usually show an “anomalous viscosity” but 
their flow becomes practically normal at higher tem- 
peratures, say, above 50° C. It has been noticed that 
this temperature roughly corresponds with the tem- 
perature of gelation, i.e., the lowest temperature at 
which concentrated agar or gelatin solutions become 
easy flowing. At higher temperatures the viscosity 
of solutions can vary with time because of loss of 
water, hydrolysis, or a similar external cause, but 
below the temperature of gelation it gradually in- 
creases also because of an incipient gelation. 

This slow solidification influences several proper- 
ties of gelatin gels and sols; e.g., the Young modulus 
of freshly cooled gelatin gels rises with time for 
many hours after the final temperature has been 
reached, Also the complicated variation of the fric- 
tional force with rate of shear has been attributed to 
gelation slowly taking place within the sample. 

“Anomalous viscosity” has been demonstrated on 
many systems in which neither evaporation of the 
solvent nor a slow chemical change of the solution 
are at all likely, so that other interpretations are 
still required, but it should be emphasized that 
physical and chemical aging of solutions and mix- 
tures is a rule rather than an exception just among 
the systems having “anomalous” flow properties. 

An important reason for this instability is the 
colloidal structure of so many “anomalous” liquids 
which has already been pointed out in Section VII. 

Colloidal solutions contain particles lighter than 
the solvent; then they tend to cream, i.e., to accumu- 
late at the top of the sample. Or the particles are 
heavier than the solvent; then they tend to form a 
sediment. The particles may be of a crystalline 
nature; then they tend to form from the multitude 
of minute ‘crystallites relatively few larger crystals. 
Or they are more or less liquid, so liquid that their 
interfacial tension affect their shape; then they tend 
to form larger drops since large drops have a smaller 
surface area than an equal volume of small droplets. 

Often these changes are very slow because of the 
high “overall viscosity” of the system. But a high 
viscosity tends to make the system inhomogeneous 
even if it was quite uniform in its original state. 

The viscosity of many viscous systems is ex- 
tremely sensitive to slight changes in the composition 
of the system, If a concentrated dextrin solution in 
water, or a concentrated solution of rosin in an 
organic solvent, or a lubricating grease loses a small 
fraction of its solvent, its “overall viscosity” may 
increase manifold. If such a system is kept undis- 
turbed for a time, its surface loses a little of the 
solvent and becomes more viscous than the interior 
of the sample; given enough time a skin or a crust 
forms. When the system now is stirred either in the 
course of, or as a preparation for test, the viscous 
surface film is broken and distributed within the 
sample, thus creating a coarse inhomogeneity which 
can produce all sorts of “anomalous” behavior. The 
shredded film does not redissolve soon because of its 
high viscgsity; and if there is a “denaturation” as 
in the case of protein skins, it may not redissolve. 

Instead of evaporation, the surface layer can be 
changed by a chemical reaction, say, by oxidation 
due to the oxygen in the air; or a process of 
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crystallization may start somewhere and occasion 
a coarse inhomogeneity ; but in all instances it takes 
a very long time for the system to become uniform 
again it at all. It is not a simple task to prepare a 
really uniform liquid sample of a very high viscosity. 

There certainly is nothing fundamental in this 
statement. The reader may consider the preparation 
of a uniform sample to be a question of experimental 
technique like those of calibration of the measuring 
device or purification of the substances used. My 
point is that the degree of care which is quite suffi- 
cient when calibrating an instrument or purifying a 
crystalline compound is inadequate when dealing 
with highly viscous substances. This warning is 
especially important to chémists in industry who 
cannot adapt samples to suit the experimental tech- 
nique and have to tailor technique to fit the sample. 


IX. Viscosity and Structure. Dilatancy 

The third type of “anomalous” systems mentioned 
in Section V was characterized by the dependency 
of their mobility on disturbances, especially those 
produced by the very act of measuring. This disturb- 
ance can be irreversible or the system disturbed can 
gradually revert to its original condition. We shall 
discuss both these types together and treat the non- 
reversible type as one whose rate of recovery is 
negligibly small. If the rate of recovery is very high 
compared with the speed of testing, the system will 
belong to the first type of Section V which has 
already been considered in Section VI. 

A disturbance can either reduce or raise the resist- 
ance of a system to flow. In the first instance one 
speaks of thixotrophy, in the other of dilatancy. 

The relation between thixotropy and dilatancy has 
considerably been clarified by H. Freundlich and 
H. L. Roeder.*® They used a simple viscometer not 
suitable for absolute measurements but perfectly 
satisfactory for their purpose. It consisted of a long 
and narrow horizontal trough covered with a lid pro- 
vided with a slot in which a metal rod could be 
moved along the container; to the lower end of the 
rod a small metal ball was attached. The rod is set 
in movement by means of a weight and a thread 
thrown over a pulley. When the weight is varied 
the speed of the rod varies, but relation between 
speed and weight is different for different systems. 

Figure 23 shows the main types met with in this 
kind of measurements. The abscissa shows the weight 
applied (corrected of course for the resistance of the 
pulley etc.) and along the ordinate the average speed 
of the slider (rod plus ball) is plotted. Roughly, 
therefore, the abscissa of Figure 23 corresponds to 
the ordinate of Figure 14 and vice versa. 

Newtonian liquids like water or glycerol give a 
straight line in this graph as they did in the graph 
of Figure 14. A suspension of quartz sand in water 
which shows dilatancy behaves differently... As long 
as the pulling weight is small the speed of the slider 
is nearly proportional to it, so that the system would 
appear to have a normal viscosity. However, when 
the weight is raised further the velocity rises less 
rapidly and then becomes practically constant so 
that, say, a doubling of the weight does not cause an 
appreciable speeding up of the slider. A suspension 
of quartz sand in an organic liquid—carbon tetra- 
chloride was used but probably a hydrocarbon oil 
could have been employed instead—resisted fhe 
motion of the slider very strongly as long as the 
pulling weight was small so that a yield value was 
simulated; but as soon as the force exceeded that 
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belonging to the yield point the speed increased with 
weight nearly linearly. ' 

The case of dilatancy will be dealt with first. 

At least in the system quartz sand and water 
dilatancy is observed only in a narrow range of con- 
centrations. Figure 24 taken from Freundlich and 
Roeder shows that distinctly. A mixutre of 41.6 vol- 














a 
=< 
'S 
5 
a oe 
6\?  4r6x 
42°9% 
|/— 44°7% 
WEIGHT (G) 
10 


FIGURE 24 


umes of quartz particles with 58.4 volumes of water 
flows still like water; mixtures containing 42.9 and 
44.7 volume percent of quartz are definitely dilatant, 
and when the volume of quartz increases above 45 
percent the slider ceases to move at all. This shows 
just what differences in behavior may be expected 
from natural sands impregnated with a liquid the 
amount of which we do not control. 

Dilatancy was discovered in a natural sand-liquid 
system. O. Reynolds gave this name to an outstand- 
ing property of wet sand which whitens and appears 
dry as the foot presses it and becomes wet and dark 
again on raising the foot. The disturbance produced 
by the foot is not permanent; the system reverts 
to its original condition in the course of a time 
interval which apparently has not yet been investi- 
gated thoroughly. 

Reynolds gave the following explanation to the 

effect described by him. In the absence of an ex- 
ternal force the sand particles are packed in a very 
dense manner so that only about one quarter of the 
total volume is occupied by liquid. When an external 
force is applied it destroys the regular arrangement 
of the grains, which is also the densest possible. That 
results in an increase of the intergranular space 
which may reach two thirds of the total volume: The 
‘difference, in this case about 40 percent of the total 
volume, becomes filled with air, thus making impres- 
sion of a dry sand. When the force ceases to operate 
the particles again assume the regular position, which 
is also the most stable, and water fills again the inter- 
granular space. 

Freundlich and Roeder point out that a local dense 
accumulation of particles may havea greater impor- 
tance than the average density of packing. Directly 
under the foot sand grains are packed so closely that 
their agglomeration resists deformation like a solid; 
around the foot the ratio of sand to water is below 
normal. 

An identical effect can be observed, for instance, 

‘when pressing a glass rod into a suspension of rosin 
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in liquid paraffin kept in a narrow test tube. It is 
quite easy to immerse the rod a little, but then a plug 
of rosin particles forms under its front and the rod 
stops unless pushed in hard. 

When a rod is driven into a quartz suspension in 
water it penetrates into it quite easily if the rate of 
penetration is very small, That means that when the 
grains have time to evade the advancing rod, they 
do not retard the advance. But when thé rod strikes 
the suspension rapidly it is arrested after an insignifi- 
cant penetration and then descends at a low speed. 
A rod carefully placed on the surface of a suspension 
reaches its bottom in the same time as a rod dropped 
onto the surface from a 10-foot height. 


Freundlich and Roeder mention another system 
which also may be a seat of dilatancy. A 10 percent 
solution of a calcium naphthenate in ‘a petroleum 
distillate is easily deformed by a slow movement 
but is shattered by a quick blow. This behavior is 
familiar to us from Section IV in which it was shown 
that the transition from quasi-liquid to quasi-solid 
response on increasing the speed of deformation can 
be observed also in Newtonian liquids. Formally the 
behavior of, say, shoemaker’s pitch would be some- 
what similar to that of the quartz suspension in 
Figure 24. A metal ball very slowly carried through 
the mass of pitch would measure its Newtonian vis- 
socity, and its speed would be proportional to the 
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force applied. When the force is too large the pitch 
will crack instead of flowing, and the relation be- 
tween speed and force may cease to be proportional. 
However the range of speeds within which the 
transition from liquid to quasi-solid occurs is much 
narrower for quartz suspensions than for pitch, and 
the mechanism of the effect is different. 

Dilatancy is associated with dense packing which 
can be observed also in phenomena not connected 
with viscosity or consistency. When a suspension of 
quartz grains in water is left undisturbed, quartz 
slowly sediments till its volume (sedimentation vol- 
ume), including of course that of water between the 
grains, reaches the low level of 0.78 cm* per gram 
(the specific volume of the quartz substance is 0.4 
cm* per gram) ; therefcre it remains constant. A sus- 
pension of similar quartz grains in carbon tetra- 
chloride has the sedmentation volume of 1.25 cm® per 
gram and is thixotropic. 

See References, Page 124—December, 1945. 
‘ End of Part 2—Part 3 will appear in the next issue. 
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Cost Accounting 








In Refinery Construction 


ROBERT 


Ly THE next few years, as the refinery industry 
begins its adjustment to peacetime production, there 
must be considerable new construction in refineries 
throughout the world. Old units, long past the total 
depreciation point, must be replaced. New process 
plants, born of wartime experience, must be added to 
meet the competition which will gradually return. 
What will these new construction projects cost? 
That question is uppermost in the minds of both 
refinery and construction men; the answer lies pri- 
marily in the field of cost accounting. And the answer 
can be highly interesting, and exceedingly valuable 
when properly derived, 

Before any consideration of accounting procedures, 
it might be well to review briefly the two general 
types of contract under which refinery construction 
is accomplished—cost-plus and lump sum. The cost- 
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pluS contract is primarily an emergency implement. 
Whenever construction is urgent, under war or other 
special conditions, the contractor is not given com- 
plete information on which to base an estimate. The 
need is to get the job done with no lost time. Under 
such conditions, the cost-plus contract is e  loyed 
because it offers a fair settlement for both refiner and 
contractor, without elaborate preliminary studies. 
There are two, types of cost-plus contract. The cost- 
plus-percentage contract has certain advantages, but 
it offers considerable opportunity for over-expanded 
cost; as construction costs rise, the contractor’s fee 
rises also. In the early days of World War II, this 
type of contract sometimes led to abuse; the most 
general type of cost-plus contract now provides a 
fixed fee for the contractor, based on an agreed esti- 
mate of the project. Barring changes in the scope of’ 
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the contract, the construction company receives only 
the fixed amount for its services, in addition to the 
net actual cost of labor and material. 


A lump-sum contract is based on a very careful 
study of construction requirements and conditions. 
Surveys may take many months before a bid is sub- 
mitted. Under this type of agreement, the contractor 
undertakes to provide all required labor and material 
for the project for a set sum, which includes any 
margin of profit, with the responsibility for meeting 
that figure resting solely on himself. If he overruns 
his budget for the agreed amount of work, it is his 
loss. The client pays only the bid figure, on final 
acceptance of the specified work. 


Recent inquiries from refineries indicate that they 
want a speedy return to lump-sum work. The feeling 
seems to be that contractors have capitalized on cost- 
plus work, to the detriment‘of the client. In some 
instances, the impression may be fully justified. But 
it should be borne in mind that a contractor who 
wishes to remain in business, under normal competi- 
tion, cannot survive if he develops a reputation for 
high-cost, low-standard work. The firms who spe- 
cialize in refinery construction are long-term opera- 
tors, and are as much interested in keeping costs 
down as are the refiners. 

An immediate return to lump-sum work will not 
mean any great reduction in construction cost. With 
the unsettled world economic condition incident to 
the end of-World War II, no. contractor is going to 
underestimate his labor and material costs when he 
submits his bid. The demands for 48 hours’ pay for 
40 hours’ work, the jurisdictional disputes which are 
expected between construction crafts, and the. gen- 
eral conditions of reconversion complicate the labor 
picture; they will of necessity result in higher labor 
costs. Material costs cannot be accurately deter- 
mined, and material deliveries will be uncertain for 
months to come. All contractors bidding in a project 
will recognize those factors, and the level of bids will 
be unavoidably higher, In many cases, a cost-plus 
contract might result in considerable saving—as long 
as emergency conditions persist. But now let us 
turn to cost accounting itself—the basis on which 
estimates for either type of contract are made— and 
consider its purposes and methods. 


Purposes 


A system of cost accounting for refinery construc- 
tion must meet the requirements of not one, but three 
interested groups: the construction contractor, the 
client, and certain outside agencies. 

For the contractor, cost accounting provides first 
an exact record of expenditures in material, labor, 
and equipment. By its use, he can keep control of 
the ratio between construction expenditures and job 
progress—particularly when unit costs are employed. 
He knows definitely when excessive costs are in- 
curred, and can investigate the cause immediately. 
The contractor is primarily interested in completing 
the job on time and to the client’s entire satisfac- 
tion. But he is also concerned with establishing and 
maintaining his reputation for economical construc- 
tion and accurate estimating. By the use of a cost 
code (to be discussed later) a detailed statement may 
be obtained of the uses to which project funds are 
being put, on a current basis. It is a simple matter 
to derive the cost of a tower foundation or of a spe- 

-cial job such as alloy liners for a tar separator; by 
combining the detailed statements, the same*system 
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will show the entire cost of a lube-oil plant, a topping 
unit, or whatever project is required. 

Cost accounting therefore provides the contractor 
with a very useful tool for checking his original 
estimate of the job in hand. In the war years, when 
contracts were let of necessity on a cost-plus basis, 
and sufficient time for estimate studies could not be 
allotted between the periods of design and actual 
construction, the role of the original estimate has 
been somewhat subdued, But with the return of a 
normal economy, a contractor may be made or 
broken by the accuracy of his original estimates. 
When he is operating on his own capital, on a lump- 
sum basis, he is vitally concerned with job expendi- 
tures during the progress of the construction. Not 
only is he able to derive percentages of completion 
(by comparing total expenditures to date with the 
estimated total) but he is able to determine whether 
or not sufficient funds remain to complete the proj- 
ect according to his original estimate. 

Many a contractor has taken his hat in his hand 
and gone to the client with a request for additional 
funds, over and above the original estimate. Many 
times such requests are entirely justified, but cost 
accounting again is a valuable ally in backing up such 
a plea. If the contractor can point to an accurate set - 
of figures and say, “We spent an additional $3700 
on piling for this structure because of hard driving 
conditions not indicated by the original test borings,” 
or “Special piping to keep your plant in production 
during our construction cost us $29, 000 in excess of 
our piping estimate,” the client is better able to 
determine the need for a contract revision. 

By careful study of weekly cost reports, the con- 
tractor himself is able to deploy his forces so as to 
prevent possible overruns. If his cost system tells 
him that concrete structures in one area of the job 
are running very close to the estimate, while the 
cost of a similar structure in another area is far in 
excess, he may be able to trace the trouble to its 
source. Possibly it is some human element—poor 
foremen or sub-standard labor; perhaps it is some 
special engineering problem which demands a better 
solution. In any event, cost accounting, coupled with 
his original estimate, gives him a convenient yard- 
stick with which to measure his expenditures in pro- 
portion to his job progress. 

Like the refinery or petroleum economist, the con- 
struction contractor is interested in trends. Cost fig- 
ures from a series of jobs can give him a very definite 
basis for future estimates on similar projects. His 
material-cost records from several projects will show 
the average quantity of reinforcing steel, form lumber, 
valves and fittings, or small tools actually required 
under field conditions. If necessary, he can revise ° 
his theoretical quantities to meet actual conditions. 
The average cost of those materials is also available, 
and if his projects are on a nationwide scale, he is 
able to estimate with reasonable accuracy the mate- 
rial expenditures required in any particular section 
of the country. 

Labor costs show him not only the average money 
involved in a certain operation, but also the actual 
manhours. Thus, if he khows that steamfitters in the 
Cleveland, Ohio, area draw $1.575 per hour, he can 
check his average manhours for process piping in a 
certain type of plant, and arrive at a reasonable fig- 
ure for pipe work on a project in that vicinity. Or 
if he expects certain unusual difficulties in construc- 
tion, he can allow a proper contingency item by com- 
paring the labor costs on a series of similar jobs. 
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Thus for the contractor, cost accounting provides 
a record of work already completed, an accurate esti- 
mate of work to be completed, and a:basis for com- 
puting costs of future projects. In all these respects 
the interests of the construction contractor are linked 
inseparably with those of the client. 


For the Refinery Operator 


To the refinery operator, the cost figures furnished 
by the contractor form a practical basis for capital 
valuation. Figures reported directly from the field, 
coupled with costs incurred by the refinery staff, will 
show the true value of the entire addition, from a 
physical point of view. Even more important than the 
over-all cost, these figures can give an accurate in- 
dication of the cost of any particular section of the 
unit, and may serve as a partial guide to efficient 
operation of the new plant. 

When an operator decides to add new facilities, 
even under a war economy, he is vitally interested in 
whether or not the plant will be a sound investment. 
Suppose a refinery added a new unit, primarily as a 
war necessity. The immediate demand was to pro- 
duce aviation gasoline. But the plant will inevitably 
outlast the temporary condition which required its 
erection. With gasoline production more than suf- 
ficient for all postwar demands, how can that plant 
be made to pay its own way, after its first purpose 
has been served? That is a problem for the chemical 
engineer—but he in turn could learn much from the 
original studies prepared by the cost accountant. 

Is the new unit paying its own way? It is obvious 
that net profit cannot be determined without con- 
sidering total initial cost in relation to operating cost 
and productivity. A careful analysis of construction 
costs may show interesting results. One small sec- 
tion may not be producing in proportion to its orig- 
inal cost. Refer the matter to the refinery engineer. 
He may say that the situation cannot be remedied, 
that the high-cost unit is an indispensable feature of 
the operation. But his research may start a new train 
of thought. He may turn to his laboratory to work 
out a better solution. He may find a new use for one 
of the products, or an improved method of produc- 
tion. He may call upon the sales staff to promote 
a demand for some product previously neglected. 
Any one of these results would be a step toward 
more economical operation. Thus cost accounting 
can be an unexpected assistant in profitable produc- 
tion. 

While construction is in progress, the contractor’s 
cost reports assist the client in two ways. Under a 
cost-plus contract they form a condensed substan- 
tiation for payments to the contractor. No busy refin- 
ery executive wants to examine the contractor’s rec- 
ords invoice by invoice or payroll by payroll. He 
leaves that to his audit section. But he is interested 
in where his money is going—at the time he is in- 
curring the expense. By consulting his monthly cost 
report, which is nothing more than an extract of the 
minute detail required on the original supporting 
papers, he can draw his own conclusions about the 
contractor’s use of funds. If, for example, he finds 
more expenditure for heaters than he believes justi- 
fied, he can consult at once with the construction 
superintendent. He can get his answer at once, He 
need not wait until the end of the project to find 
that it has cost him more than he anticipated. Even 
under a lump sum contract, he may find good use 
for such information, and can control his expendi- 
tures as they are made. 
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The record of these expenditures furnishes one 
more valuable clue. It can easily be converted to a 
percentage of completion figures. Just as cost ac- 
counting. shows the contractor how much money 
he must spend to complete the job, it shows the 
client how near the project is to completion. A slide 
rule calculation will show the percentage of money 
spent against the estimated total. Incidentally, the 
most reliable index is the labor expenditure com- 
pared with the total estimated labor. Material ex- 
penditures may show a need for expediting of certain 
items, but the best report of job progress is based 
on the actual labor built into the plant. The reason 
for this fact is simple; material may be all bought 
and paid for, perhaps standing in the warehouse 
yard, but until the necessary labor has been applied 
in its erection it is useless to the refinery. 


Outside Agencies 

Of recent years there has been a tremendous vol- 
ume of reports required of contractor and client by 
outside agencies—on materials used, completion per- 
centages, labor costs and manhours, to mention only 
a few. It is to be hoped that much of this paper will 
be put to better use, but there still will remain some 
reports to the government and others. If any change 
will come, it should be directed toward reports which 
actually help both the refiner and the agency in- 
volved. The lump-sum client is primarily interested 
in the accepted bid figure, but cost figures furnished 
during construction will provide the basis for many 
of his outside reports, just as they have served the 
contractor and client internally. 

Frequently the client may wish to release publicity 
on his operations. Newspapers set great store by 
costs of new additions. Trade journals need cost fig- 
ures on types of process plants which they describe 
for the benefit of the industry. There are certain 
phases of cost reporting which should remain con- 
fidential, but published survevs of general cost fig- 
ures for the industry could be most helpful to all 
concerned. Reports to technical societies may also 
require some cost information, as a greater apprecia- 
tion of construction costs and methods may result in 
real savings in future refinery design and operation. 


How Does It Work? 

All this talk of fine purposes for construction cost 
accounting would beat on empty air unless there 
were practical methods for applying theory to the 
problem in hand. Will it work? And if so, how does 
it work? 

A system of cost accounting for rapid-fire work like 
construction must be complete yet concise. It must 
be flexible. It must be easily administered by the of- 
fice personnel, and easily followed by the time check- 
ers and foremen in the field. Most important, it must 
provide accurate information on the work in process. 

All systems of cost accounting begin with a cost 
code, assigning a symbol to a particular operation. 
The operation is described fully in a cost code book, 
but as a shorthand method the code symbol is used 
to identify the item on field time sheets, material in- 
voices, and all other tabulated cost reports. The type 
of code used is governed by the work involved and 
local accounting requirements. But whatever type of 
code is selected, it should be consistent, and it must 
be workable. 

There are two dangers to be avoided in the selec- 
tion of a code. Some cost codes are so simplified that 
they bury necessary facts, and are meaningless. At: 
the other extreme is the cost code which is so ex- 
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panded that it wastes valuable time on insignificant 
detail. The ideal cost code has never been created, 
but there are many good ones in use today, and some 
not so good. 

For a partial approach to the problem, consider 
first a code which the U. S. Army Corps of Engineers 
has prepared for military construction. The Engi- 
neers start out with a good general grouping of costs. 
For example, their 300 Series.is Permanent Construc- 
tion Features, the 400 Series covers Buildings and 
Equipment, the 500’s are Temporary Construction 
charges, and the 800 group covers overhead. 

But from that point the code serves only as an 


outline for cost determination—from a construction: 
man’s point of view. An entire Water Distribution: 


System is listed only as Code Number 323. A com- 
plete Acid Area for a TNT plant is covered by only 
two symbols: 420-B for buildings and 420-E for 
equipment. To the field time checker, such a system 
is ideal; he need do nothing but show one symbol 
for the entire operation, regardless of craft or type of 
work involved. But the contractor who wishes to 
find the cost of foundations, process piping, pumps 
and compressors, or any similar item must add a se- 
ries of subaccounts, such as 323.1la, 420.1c, or N507. 
The 300 and 400 series tend to oversimplify the code. 

In the 500 and 800 series, the opposite condition is 
found. Consider temporary construction. It is com- 
mon practice in private construction to prorate the 
cost of temporary buildings and utilities over the per- 
manent features, at the end of the job. If they are 
so distributed, there need be no fine breakdown for 
them. Not so in the code under consideration, Sepa- 
rate accounts are shown for temporary carpenter 
shops, temporary riggers shops, temporary pipe 
shops, toilets, storage racks, and on down the list. 
These structures wil! all be demolished at the end of 
construction ; their total cost could easily be carried in 
one account—Temorary Buildings. Another account 
could show Temporary Utilities, which should -be 
listed separately while construction is in progress. 
But to list each item separately provides a wealth of 
detail which no one really needs. 


Industrial Code 


For industrial construction there is another type 
of code which has worked very well for contractor 
and client. It has been used particularly in concrete 
structures, large paper mills, warehouses and similar 
buildings, but the method could easily be adapted to 
some phases of refinery construction. This code relies 
on a combination of letters for its symbols. 

Wherever possible, each general classification is 
symbolized by a letter which is an abbreviation of 
the operation involved. For example, brickwork is B, 
carpenty is C, excavation (digging) is D, forms are 
F, reinforcing steel is R, structural steel is S, and 
construction plant is P. small letters are used to de- 
scribe the particular operation and the exact location 
of the work, The symbol “a” would indicate making 
or fabrication of forms, scaffolds, reinforcing iron, 
or whatever item was under consideration; erection 
would be “e”. The symbols are carried through the 
entire code, so that it is easy for foremen, time check- 
ers, engineers, or office men to follow the operation 
closely. The consistent use of the symbol makes it 
easy to learn and remember. Thus the making “a” of 
forms “F” for foundations (a part of excavation “d’’) 
is coded as “Fad”. The erection of those forms is 
“Fed.” For a floor slab, the erection of forms would 
be “Fef”, “f” indicating the floor slab. For beams, 
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the similar symbol would be “Feb”; erection of col- 
umn forms would be “Fec”. 

Brickwork is B. The laying of brick (making up) 
would be “Be”, and the laying of a brick wall would 
be “Bew”. A brick partition would be “Bep” ; unload- 
ing brick would be “Bu”. The same system applies 
throughout the job. Placing reinforcing steel for col- 
umns would be “Rec”. Erection of structural steel for 
lintels would be “Sel”. General preparations for the 
erection of a plant item such as a tower for pouring 
concrete might be “Pat”, while the actual erection of 
the tower would be “Pet”. Special variations are em- 
ployed when necessary to show extra costs. Time 
spent on the trowelling of a monolithic floor slab 
might be shown as “Kuf”; if the cement finishing 
were postponed until heavy equipment had been 
moved' across the floor or until construction condi- - 
tions were more favorable, the additional operations 
after the first pour could be indicated by “Kuaf.” The 
additional letter would immediately indicate a higher 
unit cost because two or more operations were re- 
quired instead of one. The code, therefore, is adapt- 
able to construction conditions, and yet remains easy 
to follow. 

This discussion of code symbols is of value to a 
refinery man only because it can give him an under- 
standing of the mechanics of the process. He knows 
that costs are incurred for each type of construction. 
But if he has some idea of the method of identifying 
those costs in the field, he can better interpret the 
final cost reports presented to him. The two pre- 
ceding systems show the basic points to be followed, 
and some of the steps to be avoided. 


Refinery Code 
Let us examine a third and final cost code, designed 
primarily to cover refinery construction. It is a 
combination of the letter and number systems, and 
works well for this specialized type of work, The 
basic divisions of construction «re identified by letter 
as follows: 


A Towers O Operation 

B Heaters P Pumps and Compressors 
C Piping QO Sewers and Drains 

D Steel Structures R Materials (stock account) 
E Electrical S Stacks 


T Tubulars 

W Painting and Cleaning 
Overhead Accounts 

U Engineering and Drafting 

V Insurance and Taxes 

X Temporary Construction 


F Fireproofing 

G General Equipment 
H Buildings 

J Foundations 

K_ Instruments 

L Vacuum Equipment 
M Tanks Y Field Office 

N Insulation Z Tools and Equipment 


Under these headings the particular units are iden- 
tified by number, as synthetic crude tower Al, de- 
propanizer A10, cracking heater B1, treating heater 
B2, underground piping C-1, process piping C2, case 
structure D1, stabilizer structure D4, and so on. For 
each unit, the specific operation is indicated by deci- 
mals. Setting bubble caps in the synthetic crude 
tower might be A1.6. Stairs and walkways for the 
case structure could be D1.4. The effort is made to 
keep these symbols in the order of the actual erection 
as far as possible, to assist the field time checkers in 
identifying the work and to encourage them to look 
ahead for new operations. 

All temporary buildings are covered by X1, and 
temporary utilities such as power for welding ma- 
chines, water, light, or riggers’ telephones would be 
X2. Materials for the buildings are charged directly 
to X1, for example, while the actual labor expended 
in erecting the buildings is shown as X1.1. 

Under this code, materials which can be definitely 
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assigned to a particular unit-are identified by the 
group number only. Raschig rings for the crude 
tower are charged directly to Al, with rio further 
subdivision, The cost of the fabricated tower shell 
itself is also coded as Al; the end result is that all 
material going into the tower is shown as one charge, 
and the separate labor items are listed for easier 
identification and checking. 


Suspense Accounts 


Welding rod, nails, and similar general items are 
held in the suspense account R, and are later pro- 
rated over the entire job. There is a growing tend- 
ency, however, to eliminate a stores account as far as 
possible ; the danger is to make it a “catch-all”. Costs 
should be charged directly to the equipment involved. 
Welding rod for the entire job might be divided in 
advance, on requisition and purchase order, by per- 
centage somewhat as follows: 50 percent piping, 
20 percent towers, 10 percent tanks, 10 percent steel 
structures, and 10 percent tubulars. The engineers 
could determine in advance the propér division of 
costs; charges then would not be buried. If too 
much use is made of stock accounts (which can be 
very convenient during the rush of actual construc- 
tion) a true record of unit cost is not furnished, be- 
cause prorating spreads definite costs over an indefi- 
nite number of accounts. 

We now have a wierd collection of numbers and 
letters. How can they be made to have any mean- 
ing? The application of the code, once determined, is 
not difficult. 

Application of Code 


Follow an item of cost through the process. Suppose 
the designers had specified special alloy liner plates 
for a tar separator. Working from the blueprints and 
bills of material, the contractor’s engineering depart- 
ment first requisitions the needed steel plates. The 
proper code symbol must be entered on the requisi- 
tion blank. The requisition is submitted for proper 
approval, and then goes to the purchasing agent— 
just as it would in normal refinery operation. He 
shops around for bids, and on finding the low bidder 
awards a purchase order. That purchase order not 
only specifies the type of material, price and terms, 
but also carries the requisition number and the cost 
allocation. When the steel plates arrive at the con- 
tractor’s warehouse, they bear a shipping ticket 
which gives the purchase order number. The mate- 
rial man checks the material and writes up his receiv- 
‘ng notice, carefully noting the purchase order num- 
ver. If he has a copy of the purchase order, he should 
also show the account number on the material re- 
ceiving notice. One purchase order may cover several 
accounts; the warehouse man can draw on his 
knowledge of material to assist the invoice clerk in 
identifying the several items as they are wirtten up 
on the receiving notice. 

Parenthetically, it should be mentioned that under 
some systems of internal control the warehouse is 
not given a copy of the purchase order—in order to 
prevent collusion. For any reputable contractor, such 
a restriction is needless. In fact, better control is 
obtained if the material man is wiven a copy of the 
order; he can easily check partial shipments, or note 
variations in the items shipped. If he is to be trusted 
with thousands of dollars’ worth of material, he 
should be given all the information needed to make 
his work complete. 

To get back to our alloy liners: The receiving no- 
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tice goes up to the office for filing with the purchase 
order, ready for the invoice clerk. It may be that the 
warehouse sends up only a tally sheet which is typed 
onto a different blank, but the receiving process is 
completed in either case. 

The steel itself may be stored temporarily, and 
then hauled to the erection site. The field time checker 
has noticed the operation, and checks with the fore- 
man in charge and with the warehouseman. He finds 
the steel is going to the tar separator. He charges the 
winch truck and crew to Gl.1, unload and handle 
material for general equipment. He then checks two 
to four times daily as the steel is erected (probably 
by the boilermakers). He follows each step as indi- 
cated by his code book. If he has questions, and a 
good checker should have many, he asks not only the 
foreman but also the engineers. They are as inter- 
ested in costs as are the cost accountant, the superin- 
tendent, and the client. Under a good cost system, 
even the foremen become interested in checking the 
costs of their particular unit, and can follow the 
code symbols as easily as they do a print. 

While the time checker is out in the field, finding 
the cost of erecting the plates, the invoice clerk is 
busy in the office preparing the vendor’s invoice for 
payment. As a part of the process, discount is taken 
and the net amount of the invoice is divided among 
the proper codes—perhaps on an accounting block 
stamp on the reverse of the invoice. The code of 
course is obtained from the purchase order and 
checked against the receiving notice. If there is any 
question of an error in assigning the code, the clerk 
consults the code book and, if necessary, the cost 
accountant and the engineers. There is no room for 
guessing in the processing of an invoice, and the 
proper allocation of cost is an important step in the 
system. ; 

After the invoice is paid, it is placed on a request 
for reimbursement with other invoices. The cost 
symbol is tabulated with others, to form the cost dis- 
tribution for the particular transmittal. As the final 
step, the invoice is posted to the material-cost book, 
showing the net cost, amount of material and descrip- 
tion under the proper cost symbol. The material-cost 
book is made up to follow the cost code exactly, 
with a ledger page assigned to each symbol. After 
the amount is posted to the cost book, it becomes 
a part of the official record and can be used as a 
basis for the monthly cost report. 

The field-labor costs are similarly tabulated. The 
checker brings in his daily time sheets, showing 
where the men were during each of his four daily 
checks. He lists each man by clock number, enters 
the proper amount of time spent on each operation, 
lists the applicable labor rate, multiplies time by rate, 
adds up his totals, and completes his daily sheet. 
That sheet is posted daily to a labor recapitulation 
sheet, showing hours and money. At the end of the 
payroll week, the cost figures are proved against the 
time cards and payroll, and a labor distribution sheet 
is prepared for the week. The hours and money are 
finally posted to the labor-cost book, and eventually 
find their way into the cost reports presented for the 
client’s inspection. 

In the preparation of these figures, all departments 
must work in close cooperation. But it should be 
stressed that the accounting and engineering depart- 
ments can be of great assistance to each other. When 
the unit-cost system is employed, it is obligatory for 
the engineers to check weekly on the labor and mate- 
rial costs. But under wartime conditions, there has 
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been some temptation to have only a casual check 
by the engineers on cost determinations. Their first 
job must be to get the construction completed ; paper 
work must come second, in spite of rumors to the 
contrary. But errors may creep in, even with the best 
of checkers and clerks. If the engineers are in close 
touch with the cost reporting, they can correct such 
errors easily, before any damage is done. 

In this connection, it is entirely possible that more 
and more cost accounting in construction will be done 
by trained engineers—as soon as enough capable 
men are available again. The engineer may at first 
rebel at the idea of confining himself to desk and 
paper work, but he can make a real contribution to 
the contractor and the client. He can apply his en- 
gineering “know-how” to checking the work being 
done by his colleagues in the field. 

One other comment comes to mind. The construc- 
tion-cost accountant who is worth his salt whether 
he is an engineer or not, must get out in the field fre- 
quently. He should actually see the job grow, and 
get acquainted with construction methods. Then, and 
only then, can he properly interpret the figures he 
piles into his ledgers. Of recent years there has not 
been sufficient manpower or time to allow frequent 
visits to the field: But it is to be hoped that in the 
days to come, the job accountant may become a 
familiar figure in the field—and not simply because 
he may be the paymaster. As in all other phases of 
construction, cooperation between departments pro- 
duces the only satisfactory result; cooperation is 
based.on a working knowledge of the probléms of 
the job as a whole. If the accountant is “job minded” 
he can make a real contribution, like the engineer, to 
construction progress. It will mean more work for 
all concerned, but it will also mean better-satisfied 
clients and more efficient construction teams. 


What of the results of this cooperation? The fig- 
ures are available for study in the labor-and-material- 
cost ledgers, They should be studied closely, both by 
the client’s staff and the contractor. But for the re- 
finery executive the most convenient summary of 
those figures is the cost report. 

The cost report as usually prepared is a combina- 
tion record of moneys expended and the revised esti-. 
mates of amounts needed to complete the project. At 
the end of the project, a final estimate and job cost 
report is prepared to summarize the work of the en- 
tire construction period. 


Because the cost report is a summary, it con- 
denses the fine breakdown in the cost ledgers. It 
shows only the main groupings—A towers, B heat- 
ers, and so on. A typical cost report is divided into 
columns showing, material, labor, to complete, orig- 
inal estimate, revised estimate, and over or under ex- 
penditures. 

Under the material grouping are three sub-col- 
umns: expended to date, outstanding commitments, 
and total to dete. The expended figures come direct 
from the material-cost book. The commitment is a 
highly interesting figure, and is determined by ac- 
count from the purchase orders actually issued and 
from close estimates of orders not formally released. 
A careful record of commitments can avert many 
storms which brew over the issuance and acceptance 
of cost reports. 

The labor columns are treated similarly, The cost 
figures from the ledger are condensed to show the 
expended amounts..The labor commitment is based 
on an estimate of manhours required to ‘complete 
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the work in hand and the total estimated labor is 
shown for checking against the original estimate. 
The column headed “to complete” is a small but 
highly essential factor. It serves as a guide to the 
contractor and client, by indicating amounts needed 
to finish the job. In conjunction with the original 


‘estimate for the job, it is the basis for the revised 


estimate. It must be remembered that the client is 
primarily interested in hewing close to the line of the 
original estimate; he will object strenuously if the 
revised estimate keeps going up and up. But among 
the various accounts, above the column totals, there 
may be legitimate transfers from one account to an- 
other which do not upset the total balance. These 
internal adjustments are a bookkeeping device which 
compensate for lowered costs of construction of one 
type and increased costs for another. 

Thus, if an original estimate for piping is $500,000 
total and electrical work is $100,000, there is abso- 
lutely no harm done if the revised estimate shows a 
redistribution of funds at some subsequent date. Pip- 
ing may go up to $550,000 and electrical drop to $50,- 
000. That is a natural occurrence and does not reflect 
on the contractor’s estimators in any way. If the total 
estimate remains reasonably within bounds, that is 
the most important factor to the client. Only when 
the project is completed is the client seriously con- 
cerned with the revised estimate figures for each ac- 
count; then he is dealing with actual costs and not 
estimates. The distinction should be kept clearly in 
mind. 

The final set of figures on the cost report will show 
the over and under expenditures for each account 
and for the total project. It eliminates the necessity 
for pencil-and-paper calculations at the time the re- 
port is submitted, and serves as a convenience to 
contractor and client. Unless the changes shown 
therein affect the total estimate seriously, the over- 
runs and underruns merely are straws in the wind - 
to indicate general trends. When actual cost replaces 
the estimate, the overages become potential dangers 
unless they are offset by savings on other accounts. 
By judging the estimate month by month, the con- 
tractor and client can work closely together to avoid 
serious over expenditures, and possibly find a few 
savings. 

Savings, the avoidance of overruns, accurate fig- 
ures for capital valuation, a complete condensed pic- 
ture of the job during construction and after comple- 
tion—these are some of the concrete advantages to 
be gained from a greater familiarity with cost ac- 
counting for refinery construction. The cost account- 
ant does not build refineries. But from behind-the- 
scenes work can come ideas which made new refin- 
eries profitable. As a part of the construction team, 
he can assist both the client and the contractor. That 
is his greatest responsibility and his most challeng- 
ing problem. With the help of all concerned he can 
succeed. And his success will forward the interests 
of the industry as it builds into the future. 
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Recent Advances in the 


Chlorinated Paraftins 


R. STRAUSS 
From “Oel] u. Kohle’’—'Erdoel u. Teer,” 83/85, (1935) Feb. 


Translated by Edwin J. Barth, Petroleum Technologist 


A CONTRIBUTION on chlorination of paraffins 
by Tanaka, Kobayashi and Furumoto had appeared 
in the Journal of Society Chemical Industry, Japan, 
in 1933' during the period in which I had investi- 
gated chlorination and dechlorination of oils in a 
study of their properties, and to what use the end 
products could be put. 

Going back through the literature one finds at best 
rather sparsely quoted references and many years 
intervening between reports by a few investigators 
on this subject. Bolley,? as far back as 1858 reported 
on products he had obtained by passing chlorine gas 
through paraffin wax which was melted. He reported 
then that the mass would evolve hydrogen chloride, 
and that at room temperature the material was a 
liquid of very high viscosity. With further continued 
chlorination the mass would finally become solid at 
room temperature and Bolley named this material 
“Chloraffin.” He describes this product as a white, 
amorphous hard substance, melting easily at an ele- 
vated temperature; it is heavier than water. During 
chlorination he had produced products containing 
36.3 percent, 54.8 percent, and 61.4 percent chlorine. 

Champion and Pellet* had also obtained viscous 
products from paraffin wax, increasing in viscosity 
as the chlorination continued; one of his products 
analyzed 58 percent chlorine. 

Bohringer & Sons in 1910 patented‘ a procedure to 
prepare chloro-waxes, carrying out the process in a 
solution of carbon tetrachloride. Chlorination can 
thus be carried out at low temperatures and ordinary 
pressures. He obtained solid products, water-white 
in color and transparent. These materials are quite 
non-reactive and excellent dielectrics (electrical in- 
sulators). They had obtained other patents chlori- 
nating in the presence of actinic rays and by the use 
of certain catalysts.° 

Schaarschmidt and Thiele® in 1920 employed a Witt 
stirrer in their chlorination work obtaining, from a 
paraffin wax of 45° C. melting point and chlorinating 
at 155-160° C., products containing 10, 19, and 32 
percent chlorine. The products would lose their 
chlorine in the form of hydrogen chloride when they 
were heated to 300° C. 

Salkin’ had made “Chlorcosane” by passing chlo- 
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rine gas through melted paraffin until “a drop would 
sink in water.” The product was a brownish oil, 
specific gravity 1.03, and exceedingly viscous. 


Experiments Using Technical Soft and Hard 
Paraffin 


1. Chlorination of soft paraffin. 


I employed for our work a technical soft paraffin 
wax of 40-42 melting point. Krafft determined that a 
40 melting point wax consists chiefly of the hydro- 
carbon, heneicosane C,,H,,. . 

Holde determined that for waxes between 38-42 
melting point one would find mainly heneicosane and 
docosane. Therefore, a simpl chlorinated heneico- 
sane, according to the formula C,,H,,C1, would con- 
tain 10.8 percent chiorine. 

To prepare this product I treated 250 gm. of the 
soft wax in a glass flask with dried chlorine at 130° C. 
(Through an inlet tube obtaining a small stream of 
gas bubbles); a product was obtained containing 11 
percent chlorine. It is a pale yellow oil, just abont 
homogeneous at 30° C.; it precipitates some paraffin 
at room temperature. The constants are given in the 
table below. 

The gas passing out through the exit tube was 
absorbed into concentrated caustic alkali solution. 
This gas contained mostly hydrogen chloride and 
unreacted chlorine: The solution was titrated for 
sodium chloride derived from the hydrogen chloride 
released by the paraffin undergoing the reaction. 
Free chlorine in the form of hypochlorite was pres- 
ent only in small amounts in the absorption liquid. 

I thereupon added a second quantity of chlorine to 
the above product—in approximately twice the quan- 
tity as in case No. 1. A light yellow oil was obtained, 
completely liquid at room temperature and contain- 
ing 22.3 percent chlorine. Toward the end of the 
chlorination the mass becomes very viscous, and con- 
siderable unreacted chlorine is swept along with the 
hydrogen chlorine evolved. 

This heavy viscous oil contained considerable 
hydrogen chloride in suspension when it was poured 
out of the flask. The occluded gas can be driven off 
by heating to 120° C., obtaining a product neutral in 
reaction. 

Next I similarly produced products by treating 
with three- and four-fold amounts of chlorine. The 
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products become increasingly more viscous and 
darker in color. 

The table below gives the constants of these prod- 
ucts. The pour-point seems to decrease with increas- 
ing viscosity. The product containing 33 percent 
chlorine shows a solid point of —18° C. 

















| 
Specific Viscosity Flash- | Reference 
Percent Chlorine Gravity 50 Point Index 
11.0 ll arr 203° C. 1.4653 
IS ee tee A. be 0. 8666 2.4E 210° C. 1.4685 
0 ESR ee 1.0693 6.1E 235°C. | 1.4772 
Mas + 0tke txndbebincnweeneeud 1.1998 18.0E Mebvee | 1.4783 








2. Chlorination of hard paraffin wax. 

The wax used in the next experiments was a com- 
mercial 52-53° C. melting point wax. According to 
Krafft, such a wax is composed of a mixture of trico- 
sane (C,,H,,) and tetracosane (C,,H;,). Holde con- 
firms this. Chlorination was carried out as described 
above. The process does not run quite as smoothly 
since the chlorine absorbs slowly and the reaction is 
therefore slightly sluggish. 

Also, the mass soon becomes very viscous and 
larger amounts of unreacted chlorine escape with the 
hydrogen chloride. The product of the first stage is 
a vaseline-type solid, becoming fluid at 35-40° C. 
The other products are fluid at ordinary tempera- 
tures, are reddish in color and more viscous than the 
corresponding soft-wax chloro-products. The 44 per- 



































cent chloro derivative shows the consistency of 
honey. The table below shows the various con- 
stants. 
. Specific Viscosity Viscosity Flash- Reference 
Percent Chlorine Gravity at 50° C. at 100° C. Point Index 
11 0.8599 215° C, 1.4659 
22 0.9583 66E | 24E 240 1.4766 
33 } 1.0721 | 162E | 3.7E decomposes 1.4778 
| a 
44 1.2044 26.1E 5.1E 250°C. | 1.4789 
Below I include the results of Tanaka, obtained 


with a paraffin of 48.5 melting point. The products 
fall into derivatives of general formula C,Honso0mClm. 
The constants of the various products are: 
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Specific | REDWOOD VISCOSITY 

Gravity wate —aet Se 
m . | at50°C. | at30ec. | atc. | CC) 
0.52 0.802 | 5 47.4 
1.17 0.853 6 6|~—(86.9 
1.49 0.873 | 7 |. es 
2.46 0.921 | | 10 | 25.1 
3.35 | 0.975 6.4) (es 
4.97 1 1.023 7 1.0 
6.05 1.111 go | ai 
WM. . vcasecccevevvasaccs 1.205 904 472 
9.66 1.270 | 5810. | 2150 








One cannot compare the above products exactly 
with the previous derivatives as the chlorine contents 
are not given, and Tanaka did not describe the origin 
or nature of the original wax. His only conclusion 
was as chlorination proceeded a rapid decrease in 
melting point took place with great increase in vis- 
cosity. The products are said to be eutectic mixtures 
of isomers and condensation products. 

3. Behavior of chloro-waxes with castor oil. 

Later I was surprised to discover that the chloro- 
waxes are miscible in all proportions with castor oil, 
and are excellent solubilizers for castor oii in petro- 
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leum oils. It is well known how insoluble castor oil is 
in mineral oils—a property which is of no value in 
the field of lubrication. From the start of the lubrica- 
tion of machinery in industry many attempts had 
been made to obtain an oil-soluble castor oil, and of 
course today there are several procedures for doing 
this. Nearly all these procedures to accomplish this 
object possess the inherent defect that the castor oil 
suffers or undergoes a deep-seated chemicai change; 
in fact, splitting reactions take place, and therefore, 
a valuable loss of material results. One must there- 
fore appreciate the scientific advance made in the 
simple use of the chloro-waxes as solubilizers for 
castor oil in mineral oils. 

The conditions for operation are slightly different 
for various oils. Some oils blend readily in the cold, 
others require slight heating. No blending should be 
done at high temperatures whereby the castor oil 
would crack or decompose.® Such mixtures are used 
not only as lubricants but also as aids in the textile, 
leather, varnish and other industries.°® 
4. Substitution products from chloro-paraffins. 


The I.G. had taken out a series of patents in which 
chloro-paraffins are reacted and the chlorine atoms 
substituted by an hydroxy] or amine group, obtaining 
new and novel industrially valuable products. For 
instance, a chlor-paraffin of at least eight carbon 
atoms and two chlorine atoms is heated in aqueous 
or alcoholic medium to high temperatures (ordinary 
or elevated pressure) in the presence of caustic soda 
or other alkaline catalysts. The chlorine can be partly 
or completely replaced by OH. Other or side re- 
actions take place forming ether groups or the for- 
mation of double bonds (unsaturateds), and these 
side-products may at times considerably change the 
type of product obtained. The products are viscous 
oils and are valuable as fat-liquoring agents in the 
leather industry, and as emulsifiers for leather oils as 
well as in textile-oil production. 

Amino waxes, or waxes containing an amino group, 
are prepared by treating the chloro-paraffins in 
aqueous or alcoholic solution with ammonia, am- 
monium carbonate or urea, etc., with or without cata- 
lysts. In this reaction one or more chlorine atoms 
are replaced by amino groups, and other chlorine 
atoms are split off, yielding derivatives with double 
bonds. If one employs alcohol as a solvent then the 
alcohol may also react to aid in the formation of 
ethers. Sulphonated or sulphonation products are also 
easily prepared according to procedure as follows: a 
hexachloroparaffin is treated at 140-150° C. in an 
autoclave with ammonia in the presence of methanol 
as a solvent. The reaction product is dissolved in tri- 
chlorethylene, and at —10° C. is treated with a sul- 
phonation mixture of sulphuric acid and 30 percent 
oleum. Products obtained by dechlorinating chloro- 
waxes with alkali (partially or completely dechlori- 
nated), can be further treated with sulphur, acid sul- 
phides, or sulphides to form sulpho derivatives which 
are chlorine-free and show a‘soft ointment-like* con- 
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Fundamentals of Control Equipment 


CURTIS CORTELYOU, General Petroleum Corporation 


a, JNTROL as applied in the petroleum and allied 
industries has become a necessity, both from the 
standpoint of saving in manpowe. and in the need 
to make better products than man alone could pro- 
duce. The day of hand-operation of refineries and gas 
plants is far past, and we are so used to the “mir- 
acles” on control that we seldom appreciate the years 
of design knowledge and experience that have gone 
into its present multiplicity of forms. The field of 
control is large and varied in scope; discussion of its 
application in this paper will be limited to the petro- 
lem and gas industries. 

Many general considerations should be studied be- 
fore selection or use of control equipment is made. 
These considerations involve basic principles in- 
volved in control and experience and knowledge of 
how various types of control equipment operate. A 
study of the process flow, sizes of equipment, accur- 
acy required, inter-relation between this and other 
portions of process, probable variables of operation 
expected, physical location of equipment, and often 
the amount of money allocated to do the job will 
usually be the first step in choosing control equip- 
ment. 

It is well to keep in mind that modern instruments 
of control usually will outlast their original service 
application because of rapid changes in processes and 
obsolescence of process equipment. Consideration 
should be given, therefore, to making the equipment 
as universal in its application as possible so that it 
can be used for other purposes where and when 
necessary. This often results in use of better equip- 
ment than would be used otherwise, but pays great 
dividends in later usefulness. 

Another general trend which is probably justified 
although somewhat discouraging to manufacturers at 
times, is the use of as few types and makes of instru- 
ments in one plant as is conducive to good operation. 
The necessity to keep replacement parts on hand for 
most types of instruments and the need to train men 
in their repair and maintenance means that savings 
may be realized if variety is kept at a minimum. It 
is true that for a great many applications there are 
particular types and makes of instruments that can 
be used to greater advantage than others, but for the 
general run of control equipment the use of any one 
of many reliable manufacturers’ products will result 
in a satisfactory control job. The experience and in- 
tegrity of the manufacturer and his ability to service 
equipment are also factors to be considered. 


Two Main Subdivisions 


As far as the equipment of control is involved, 
there are two main subdivisions into which it may be 
classed. Control of any factor such as flow, tempera- 
ture, level, pressure, density, or other process condi- 
tion is the result of controlling fluid flow in pipes (or 
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in some cases the flow of solids) so that the control 
system may be divided into a flow-regulating valve 
and the mechanism by which it is controlled. The 
selection of each must depend to some extent on the 
other, since they must operate together as a unit, but 
each must be chosen on the basis of the factors men- 
tioned. 

The control mechanism or instrument is usually 
either air operated or electrically operated or a com- 
bination of both. Other fluids are sometimes used for 
operating mediums such as gases, but the great ma- 
jority of instruments are air-actuated. It cannot be 
stressed too much that clean dry air for the opera- 
tion of pneumatic instruments is desirable. 

Although the actual design of various makes of 
pneumatic controllers are somewhat different, most 
of them depend upon some type of “flapper valve” 
mechanism for operation. In the simplest form, a 
flapper attached to the indicating or recording pen 
of the instrument by moving in relation to a fixed 
nozzle, throttles air flow from a chamber which re- 
ceives its supply of air through a restricting orifice, 
thus varying the air pressure in the chamber as the 
flapper and pen are moved. This change in pressure is 
amplified through a pilot relay to control the regulat- 
ing valve. The sensitivity and range of control are 
limited and the instrument will only operate on the 
control point for one condition of load and through- 
put. This type is usually termed an “on-off” con- 
troller. 

In the more complex and modern instruments, re- 
finements to this basic system allow wide range 
Variations in sensitivity and range of control as 
well as to provide for automatic resetting of the in- 
strument to the same control point as the-load condi- 
tions are varied. This is accomplished by moving the 
nozzle as well as the flapper and controlling the 
relative position of both by linkages and auxiliary 
mechanisms whose speed of reaction may be set for 
any type of condition desired. 


Electrically Operated Controllers 


Electrically operated controllers such as _ poten- 
tiometers, usually control through an air system 
which is mechanically connected to the galvanome- 
ter although many of them operate through contacts 
and relays to position motor-driven control valves. In 
addition to this group, there is the “electronic type” 
which operates through electronic-tube amplifier sys- 
tems to control in “manner devious and profound.” 
Unquestionably their speed of response and control 
will make the electronic instruments one of wide ap- 
plication. However, it is not likely that they will 
completely replace the pneumatic instrument, since 
the field of each is a broad one. The operation of any 
controller can be only as good as its receiving mech- 
anism is in picking up small changes in controlled 
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conditions. Where this can be done through mechan- 
ical means such as a flowmeter, a pressure bourdon 
or a temperature element with sufficient speed and 
accuracy, the expense of an electronic instrument 
would never be justified. However, the control of 
temperature using thermocouples or resistance ther- 
mometers and electronic instruments presents a new 
and appealing picture. Considerations of cost, ac- 
curacy required, type of maintenance equipment and 
men available will decide whether an electronic or 
galvanometer balance mechanism is used. 

The use of thermocouples and resistance thermom- 
eters for temperature measurement has grown rapid- 
ly with the need for maintaining accurate tempera- 
ture control to produce the quality of products de- 
sired. By accurate, we do not always mean that a 
definite absolute temperature is known, but rather 
that a certain reproducible and uniform temperature 
may be maintained, Fluid-filled capitary systems are 
limited in application because of their variable char- 
acteristics of accuracy under refinery conditions. On 
the other hand, thermocouples and resistance ele- 
ments can be used for accurate measurement and con- 
trol to a fraction of a degree. The use of the resist- 
ance thermometer is in general limited to a range of 
from —300° to +300° F. although some are available 
up to 1000° F. The practical limits of the thermocou- 
ple are from 300° to 3000° F., although optical py- 
rometers are recommended for temperatures above 
2000° F. The iron-constantan thermocouple which is 
generally acceptable for refinery work is seldom used 
above 1400° F., and for higher temperatures chromel- 
alumel platinum-Rhodium or other more precious 
metals are used. 

Regulating valves for use with electrically oper- 
ated instruments are usually air-actuated with some 
sort of mechanical device transposing the changes 
in electrical circuit to a pneumatic change. However, 
there are, especially in the larger sizes, many motor- 
driven valves which may be either “on-off” between 
two limits or a floating control operated by two op- 
posed motor mechanisms. Solenoid-operated valves 
also are used in the smaller sizes. 


By far the largest number of control valves are air 
operated and use a diaphragm case connected through 
an operating stem to a valve plug to effect control. 
For most instruments, equal changes in the con- 
trolled process give equal changes in air pressure to 
the valve. Valves then should be proportioned so 
that equal increments of pressure will give equal in- 
crements of percent increase in flow. This may be 
obtained or at least approached by the use of balanced 
valves and either V-ported skirts or parabolic shaped 
plugs. 

Diaphragm Control Valves 


Diaphragm control valves should be sized for 
capacity so that they operate normally about half 
open. This permits their use at higher than normal 
rates without opening bypass valves, which mav be 
considered very poor practice. For oil and gasoline 
services, steel bodies are recommended for protection 
against fire hazards; although for water and other 
fluids, bronze or cast iron may be desirable. For high- 
temperature fluids, a radiating fin type of body bon- 
net should be used so that excessive heat will not be 
conducted to the diaphragm. 

In services where low pressure drop is desired, a 
butterfly type valve is often used. These will not 
stand large pressure differentials when closed, but 
will control under many conditions reasonably well. 
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For services where there is large pressure drop; 
especially at high temperatures, single-seated plug-, 
type valves with especially designed entrance and exit 
ports may be used. They are often hard faced to pre- 
vent excessive cutting or wire-drawing of the seat 
and plug. . 

In the adjustment of the: control instrument for 
actual operating conditions, several factors should be 
studied so that the proper setting can be made. The 
first of these is the storage capacity of the system. In 
any continuous process, there is a storage of heat 
and volume of fluid which directly affects the type of 
control needed. Although large storage capacities 
may introduce lags into the system, they are usually 
beneficial ; particularly if the rate of flow or heat in- 
put is nearly the same as that taken out. The smaller 
the capacity of the system, the more responsive the 
controller must be in order to make quicker changes. 
Transfer lags are also a factor which affects the 
operation of a controlled system. This may be the 
lag in the measuring part of the control to pick up 
changes in the process as they occur, or a lag in the 
process coming to equilibrium conditions, or a lag in 
the instrument itself in transposing these changes 
into control-valve position. This lag is the only one 
which the operator can directly control and it is by 
the timing of this lag that cycling and hunting of 
the system can be prevented. 


Setting of Instruments 


Even if the operator were able to exactly predict 
the amounts of capacity and transfer lags to be 
found, the final setting of the instrument would have 
to be done in operation. No two seemingly identical 
instruments will need the same calibration for iden- 
tical services, so a combination of judgment and trial 
and error must be used. In general, flow control 
will need to be adjusted for a narrow throttling range 
and quick reset, since there is usually little storage 
and transfer lag in that system. Temperature con- 
trol usually will require more reset and a broader 
range since both storage and lag are present. Pres- 
sure and level may be most anywhere between, de- 
pending upon their particular location in the process. 
A safe rule to follow when in doubt, is to set the 
instrument in the center of its adjustable range and 
then slowly adjust as necessary from that point. The 
proper setting of an instrument is often a slow and 
tedious job and one should not become impatient and 
try to hurry it up. Days may be spent on a new set 
of control instruments, particularly if they are oper- 
ating an inter-related series of process equipment; a 
change in each instrument affecting the others until 
finaiiy the optimum conditions are reached. 

Location of instruments in relation to the equip- 
ment they serve has been the subject of much dis- 
cussion and argument.: Recent practice has been al- 
most entirely toward construction of central control 
houses which place the operation of large plants at 
the finger tip of the operators. By establishing a con- 
trol center at one place, the overall picture of the 
process may be studied and as changes are made, 
their effect on other portions of the plant may be 
seen. The use of centralized control is both saving in 
manpower required for operation and productive of 
higher quality yields. 

The use of meters and controls in one central 
location however, has one big disadvantage in that 
the meter and pressure lines have to be carried over 
longer distances. This adds greatly to the possibility 
of errors in measurement and, most important, creates 





127 


{39} 











a fire hazard when inflammable vapors and liquids 
are apt to leak in the confined area of the control 
house. The answer to these objections has been 
found in the use of transmitter and receiver installa- 
tions. With this arrangement, the measuring instru- 
ment is mounted adjacent to the location of measure- 
ment and through a pneumatic or electrical transmis- 
sion, this record is relayed to the control-house panel 
board. Here the automatic controls and records may 
be located with the benefits and advantages of both 
centralization and close-coupled measurement gained. 
The somewhat higher cost of this type of instrumen- 
tation usually may be defrayed by the saving in not 
having to make the control house facilities entirely 
vapor proof. 


One further consideration which should be made 
in choosing control equipment is the way in which 
control valves and instruments will operate under 
emergency shut down conditions. In case of air fail- 
ure, the control valve will either close or open, de- 
pending upon its normal position. It will probably 
be desirable for certain equipment in the more hazard- 
ous areas to be emptied of their inflammable material 
to other locations, On the other hand, it is safer at 
times to have a vessel full of liquid which will absorb 
heat, rather than to have only a mixture of vapors 
left which might become explosive. This matter then 
is one dependent upon the judgment of the designer, 
but should be worked out to obtain as much pro- 
tection as possible. 


Telemetering and Remote Control 


HARRY J. KEELING*, Southern Counties Gas Company 


: idea of telemetering or remote control is not 
new. It has been utilized by the electrical industry in 
power distribution systems for the past 32 years. Its 
application to other industries, however, has been 
more recent. Only in the past 14 years has it been ap- 
plied to the gas and oil industries. Today the aircraft 
industry is finding more and more uses for telemeter- 
ing and remote control in the instrumentation of 
planes. The modern bomber probably has more re- 
mote indicating and control circuits than will be 
found in the average small city. 

Since we are indebted te the electrical industry for 
the development of telemetering, it might be well to 
give at this point the definition of the word by the 
American Institute of Electrical Engineers. “Tele- 
metering is considered to be the indicating, recording, 
or integrating of a quantity at a remote point by elec- 
trical translating means. Electrical or mechanical 
quantities are normally involved, although there are 
other miscellaneous applications for telemetering.”’ It 
is beyond the scope of this paper to describe the 
many different types of equipment that are available, 
nor is it necessary to give here a detailed analysis of 
the method by which this equipment accomplishes the 
desired result, Those who are interested in studying 
further the mechanics and theory of the different 
systems can best get such information from the excel- 
lent report published by the American Institute of 
Electrical Engineers, which contains a very complete 
bibliography on the subject. In this paper we will 
consider only the general principles involved, and 
discuss briefly the ways in which telemetering can 
be applied to the gas and oil industry. 

A telemetering system may be simple or complex, 
as the application demands. The basic idea of tele- 
metering is quite simple, and the operation of even 

* In 1940 the author presented a paper with this same title before 
the Southern California Meter Association. In the ensuing four years, 
very little in the way of new development has taken place in this 
field. If new equipment has been perfected, its existence has been 
kept secret for reasons of military security. The material in this 


present paper has been adapted from the former article, with addi- 
tions and corrections to bring it up to date. 
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the most complex equipment can be outlined as fol- 
lows: 


Convert the information at the remote point into 
mechanical motion of an indicating needle or mech- 
anism. 

Translate this mechanical motion into electrical cur- 


rents or impulses capable of being transmitted over wires 
to the receiving instrument. 

At the receiver, convert these impulses back into 
mechanical motion of an indicating needle or recording 
pen calibrated in the original units. 


The numerous systems and combinations of equip- 
ment may be classified broadly on the basis of the 


translating means employed, into five groups: Cur- 
rent, frequency, impulse, position, and voltage. 
The current-balance-type telemeter (also called 


torque balance) establishes a direct current propor- 
tional to the quantity to be telemetered and this 
value is transmitted over the line. The receiver is 
usually a recording milliammeter or a self-balancing 
potentiometer which measures the voltage drop 
across a fixed resistor through which the transmitted 
current flows. The transmitter of several of the com- 
mon types consists of a measuring element coupled 
directly (or by spring) toa restraining element which 
measures the direct current required to balance the 
torque of the operating or measuring element. In 
most of these types available today the current in 
the restraining element is controlled by vacuum-tube 
methods. The current change is automatically con- 
trolled by any change in the opposing torques of the 
actuating and restraining elements, current being 
automatically adjusted to keep these two equal at all 
times. 

The frequency-type telemeter transmits a variable- 
frequency alternating current to a distant receiver 
which is a frequency meter. The transmitter of one 
such type contains a basic element which indicates 
the quantity to be telemetered. This basic instrument 
indication is followed photolectrically by a frequency 
meter element which is excited by a variable-fre- 
quency oscillator. The signal of the latter is trans- 
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mitted either directly or by carrier current over lines 
to the distant receiver. 

The first of the two impulse types is the impuls- 
duration type. A circuit is established by means of a 
small synchronous motor-driven cam, for a time pro- 
tioned to the magnitude being measured, the circuit 
being interrupted every 15 seconds. Another small 
synchronous motor drives the receiving mechanism 
through a clutch system, causing the receiver to pen 
or pointer position to be completely corrected every 
15 seconds, in accordance with the ratio of the dura- 
tion of the impulses to the duration of the intervals 
between impulses. 

The other type of impulse telemeter is the impulse- 
counting type. The operation of this type of tele- 
meter is either by alternating current or direct cur- 
rent impulses, the number of which is proportional 
to the. speed of a rotating meter at the transmitting 
end. These impulses at the receiver actuate a mech- 
anism electromagnetically to cause rotation of the 
receiving register. 

There are several types of telemeters in use oper- 
ating on the “position” principle. In one of the most 
common of these the transmitting instrument serves 
to adjust the relative value of two inductances con- 
nected in a bridge circuit with similiar inductances at 
the receiving point. When this system is energized 
by alternating current there is developed a tendency 
for the receiving unit forcibly to assume a position 
in which the impedances of the two branches of the 
circuit are balanced. This force may be used either 
directly or through a relay to deflect a receiving 
pointer or pen. 

The voltage-type telemeter transmits a small direct 
current voltage proporttonal to the quantity being 
measured. This voltage is measured at the receiving 
end by a self-balancing recording potentiometer. No 
current flows as long as the instrument is in balance, 
and accuracy is not affected by line-resistance changes. 


The transmitter consists of a potentiometer in 
which a movable arm or slide wire is adjusted by an 
element measuring the quantity to be telemetered. 
The transmitting potentiometer, or voltage divider, 
applies to the telemeter line a voltage proportional to 
the quantity measured. The voltage from this type 
of transmitter is measured at the receiving end by a 
recording potentiometer, which operates a dial or 
chart calibrated in terms of the original quantities 
measured. 

It is not necessary that the receiving and trans- 
mitting equipment be located a great distance apart 
for the system to be called a telemetering system. 
Neither it is required that the equipment be elab- 
orate or expensive. Probably the simplest and most 
common example is to be found in the average auto- 
mobile. The gasoline gage on the instrument panel 
is an indicating telemetering system which transmits 
the liquid level in the gasoline tank at the rear of the 
car to an electrical instrument on the panel calibrated 
in terms of liquid level. A modern airplane has in- 
numerable such telemetric gages included in its in- 
strumentation. Liquid levels, positions, directions, 
temperatures, and pressures are transmitted to the 
pilot by means of telemetering systems. This applica- 
tion is perhaps one of the best indications of the re- 
liability of modern telemetering equipment since on 
an airplane the lives of the passengers may depend 
on the uninterrupted operation of the instruments. 


Manufacturers are prepared to supply telemetering 
equipment to indicate levels, positions, pressures, 
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quantities of flow, rates of flow, temperature, light 
intensity, viscosity, speed, chemical composition, 
wind velocity and direction, torque, stress, etc. 

The impulse system has grown to be the most 
widely used where accuracy of the transmitted 
information is necessary, since in this system a vary- 
ing time interval is used to operate the receiving in- 
strument; thus, circuit disturbances or variations in 
the resistance of the connecting wires have no effect 
upon the accuracy of-the equipment so long as these 
variations are not sufficient to render the instrument 
completely inoperative, 

It is only a step from telemetering to remote con- 
trol. Exactly the same principles are used, except 
that the transmitting unit is operated manually by an 
operator, or automatically by suitable equipment. The 
transmitter, or sending unit translates these settings 
into suitable electrical impulses for transmittal over 
the electric circuit to the receiver, where they are re- 
translated into the original units such as valve posi- 
tion, control-handle setting, etc. In the electrical in- 
dustry such remote control is termed supervisory 
control, and has its greatest field of application in 
power systems where it is used for the remote oper- 
ation of generating, switching, or distributing sta- 
tions. In general, supervisory control is applicable to 
the remote control and supervision of any device 
which may be operated electrically. Standard equip- 
ment is available for selecting and performing 2500 
different operations over,a single pair of wires, and 
at any distance. Such equipment costs about $21),000. 
The systems employed in water, gas, oil, and other 
industries for the operation of pumping stations, the 
control of liquid levels, the pressures of gases, liquids, 
etc., are much less elaborate since it is necessary to 
perform only a few operations. 

The use of telemetric equipment permits central- 
ized control of large plants or distribution systems. 
Pertinent information concerning the processes in 
the plant may be brought instantly to the operator 
through the medium of long-distance pressure gages, 
flow meters, or thermometers. Dispatchers operating 
oil or gas pipe lines, or distribution systems, may be 
kept constantly informed of the pressure, flows, and 
valve settings at remote points by the use of tele- 
metering equipment. This precise control results in 
either improved service to the consumer, or lowered 
costs through the reduction of leakage or lowered 
pumping costs. If the dispatcher is not located at the 
controlling point or if several controlling points are 
used, it is necessary to supplement the telemetering 
system with remote-control equipment. The operator 
is then in a position to regulate ana supervise all the 
necessary equipment from a central location. In a 
large plant or in a complex distribution system fed 
from a number of points, operation in this manner 
by centralized control permits either more efficient 
operation or improved service. In case of accident or 
emergency, the operator is informed of conditions in- 
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A Review of the Development of 


Reference Fuel Scales for Knock Rating 


. 


Many years ago the problem of knock rating had been 
solved. A single engine was widely accepted as standard, 
and with it a reference scale capable of indefinite extension. 
The Ricardo engine and the HUCR (highest useful compres- 
sion ratio) scale’ appeared to comprise the Utopia of knock 
rating. All fuels then known could be rated in terms of this 
scale, and it seemed likely that any new fuel could be so 
rated, at least with minor modifications to the engine. 

That Utopia was lost may be ascribed partly to man’s 
preference for concrete physical reality. A compression ratio 
is about as tangible as a shadow. When a fuel was stated to 
have an HUCR of 5.3, that was just an abstract number, but 
a reference fuel was a substance which could be carried 
around in a can..Soon Utopia gave way to the Babel of in- 
dividual reference fuels, tangible realities which were mean- 
ingless except to the possessor. This confusion was the 
worse confounded by the use of engines varying from small 
prime movers for farm-lighting units to complete truck en- 
gines and single cylinders of aircraft engines.?*** The test 
results of each laboratory were practically unintelligible to 
other laboratories. Out of this welter of strange tongues a 
longing for uniformity ‘gradually arose—uniformity of test 
engine and especially of reference fuels 





Development of the Octane-Number Scale 


As with many improvements in the art of estimating the 
quality of engine fuels, the concept of the octane-number 
scale was originated by a member of the Cooperative Fuel 
Research Steering Committee. A little less than 20 years ago, 
the previously unknown isooctane, 2, 2, 4-trimethylpentane, was 
prepared under the supervision of Dr. Graham Edgar*®* by 
J. W. McKinney. Dr. Edgar observed that it knocked less 
than any gasoline then available. He also obtained normal 
heptane, and noted that it knocked more than any gasoline 
then known, an observation made earlier by Ricardo. Engine 
tests showed that all gasolines then on the market could be 
matched with respect to knock by blends containing 40 per- 
cent to 60 percent of 2, 2, 4-trimethylpentane, or “isooctane”, 
in normal heptane. Dr. Edgar suggested the use of these 
hydrocarbons as primary standards for knock rating. He 
proposed that the specification for U. S. Motor gasoline be 
revised to include the requirements that the knocking 
tendency of this fuel be equal to that of a blend containing 
not less than 45 percent of isooctane in normal heptane. He 
added that fuels equalling a 55 percent blend might well be 
reserved “for use in high-compression engines.” Thus was 
the octane-number scale conceived. 

For several years thereafter, the problems connected with 
standardization of a test engine and of the proposed refer- 
ence fuels were debated in the Cooperative Fuel Research 
Stering Committee and its only offspring, the Detonation 
Sub-Committee, and in the technical journals* as_ well. 
British resistance to the proposed heptane-octane scale, 
based largely on their use of heptane of variable purity 
fractionated from petroleum, was gradually’ overcome. On 
May 28, 1930, the Detonation Sub-Committee, meeting at 
French Lick, Indiana, approved the octane-number scale. 

This, however, was not the octane-number scale which is 
now familiar. In the scale at first adopted, the octane number 
of a fuel was defined as the number of parts of 2, 2, 4-tri- 
methylpentane in ten parts of normal heptane, which was 
required to match the knock of the test fuel. On this scale, 
the F-3 octane number of present military aviation gasoline 
(Grade 100/130) would be infinity, and its F-4 rating would 


*See CFR Handbook (1944), 282-283, for bibliography. 
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baffle Einstein. This particular shortcoming was soon recog- 
nized, and on September 15, 1930, the Detonation Sub- 
Committee reconsidered its earlier action and adopted the 
present scale. Approval by the Cooperative Fuel Research 
Steering Committee followed on the same day. In this 
scale, the percentage of isooctane in blend with normal hep- 
tane which, in the standard engine, gives knock equal to 
that of a test fuel is called the octane number of the test fuel. 

A proposal: was made that the scale could be extended by 
adopting a value of 200 for some pure compound, such as 
alcohol or benzene, the knock rating of which was above 
that of isooctane. The advent of the CFR Motor Method 
shortly thereafter hastened the demise of this proposal: by 
rating alcohol at 91 octane number, and by showing that the 
rating of benzene also was dependent on test conditions. 
This was a blessing in disguise, as a scale so extended would 
have an intolerable discontinuity at 100. It also constituted a 
basic lesson which should have been, but was not, kept in 
mind in some later -attempts at extension of the knock- 
rating scale. 


Nature of the Octane-Number Scale 


Standardization of technique soon resulted in a material 
increase in the precision of knock rating. The clearer in- 
sight gained thereby into the nature of the octane-number 
scale was disquieting. In the words of the late Harry L. 
Horning, the scale was a rubber yardstick. Before long it 
became apparent that the graduations on this rubber yard- 
stick were far from uniform. Thus, the response of fuels to 
given «dditions of anti-knock agents, such as tetraethyl lead, 
benzene, alcohol, and aniline, or to the proknock ozone, 
diminished as the octane number of the clear fuel increased. 
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This is illustrated in Figure 1, which shows the relative 
additions of exhaust gas required to increase the knock 
rating of a series of fuels by an equal amount. The relation 
of octane number to certain engine variables, illustrated in 
Figure 2, shows a similar tendency. One way of expressing 
this effect is to say that the “size” of the octane unit in- 
creases as we go up the scale. 

In 1933 it was pointed out in a memorandum’ to the 
Detonation Sub-Committee that this increase in the size of 
the octane unit was so rapid as to make the unit become 
infinitely large if the scale were extended to about 116. In 
other words, there is a limiting value to the octane-number 
scale, just as —273.16° C. is the limit of the centigrade tem- 
perature scale. 

Subsequent work has confirmed this conclusion in prin- 
ciple, although the more precise data now available place the 
end of the scale above 120 octane number by all present 
test methods. This can be deduced in any of several ways. 
The guide curves for setting compression ratio by the CFR 
Research and Motor Methods, if extended, would reach zero 
clearance volume, or infinite compression ratio, just “above 
120 octane number. A plot of the reciprocal of knock-limited 
indicated mean effective pressure (imep) against octane num- 
ber is a straight line’ which would reach zero (infinite imep) 
at 125-28 octane number for each of a number of super- 
charged engines. The extrapolated calibration curves of 
primary-reference-fuel blends having different constant addi- 
tions of tetraethyl lead converge in this region. Even the pro- 
knock effect of ozone’ appeared to reach zero near 120 
octane number. It thus has been amply demonstrated that 
the octane-number scale is not uniform in terms of most 
other variables, and that it does not extend indefinitely. 

The CFR Motor Method, developed in 1932 in response 
to the observation that road ratings of fuels did not agree 
with the Research octane numbers thereof, also introduced 
quantitative concepts of engine severity and of fuel sensi- 
tivity. Since the ratings of fuels vary from one engine to 
another, it follows that the knocking tendencies of some fuels 
must be more sensitive to operating conditions than are 
those of other fuels. This is termed fuel sensitivity, which 
is defined quantitatively as the difference between the Re- 
search and the Motor Method knock ratings of the fuel.” 
Thus we see that in addition to being non-uniform, the scale 
of knock rating will be warped to a greater or lesser degree 
as it is applied to engines of different severity. It should be 
noted that the term “engine” as used in this sense also in- 
cludes the pertinent test conditions. The same physical en- 
gine, operated at a different speed, or with a different intake 
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’ FIGURE 1 


Relative Additions of Exhaust Gas Required to Give Equal Improvement 
in Octane Number. 


A given improvement in the apparent rating of a fuel requires 

a greater volumetric addition of exhaust gas the higher the 

The tests were made by the CFR Motor 
Method. 


rating of the fuel. 
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List of Abbreviations Used in Text 





AFD Aviation Fuels Division of the CFR 

AFKRS Aircraft Fuel Knock Rating Scale Group 
of the CFR Aviation Fuels Division. 

AGAC Aviation Gasoline Advisory Committee. 

AN Army-Navy. 

C Standard secondary reference fuel of 
roughly 70 octane number. 

CFR Cooperative Fuel Research (now the 
Coordinating Fuel Research). 

F Secondary reference fuel composed of 
technical isooctane. 

F-] CFR Research Method. 

F-2 Sg Motor Method (ASTM Method 
) 357). 

F-3 CFR Aviation Method (ASTM Method 

. D 614). 
F-4 CFR Supercharge Method 


Grade 100/130 Military aviation fuel rating 100 octane 
number by the F-3 Method and 130 
performance number by the F-4 Method. 
“Highest useful compression ratio”, or 
ratio at which ‘light knock occurs with 
ignition setting and mixture ratio ad- 
justed for best power. 
Secondary reference fuel of M gasoline 
containing 10 percent toluene and 4.6 ml 
tetraethyl lead per gallon. 
Blend of secondary reference fuels S 
and M containing 4.6 ml tetraethyl lead 
per gallon. 
Blend of secondary reference fuels S 
and M containing 10 percent toluene 
and 4.6 ml tetraethyl lead per gallon. 
Secondary reference fuel S containing 10 
percent toluene and 4.6 ml tetraethyl 
lead per gallon. 
Blend of primary reference fuels trip- 
tane and heptane containing tetraethyl 
lead. In the original work, lead concen- 
tration was 4.6 ml per gallon. Current 
blend contains 3.785 ml per galon, or 
one part per thousand. ' 
M Secondary reference gasoline of about 
20 octane number. 
S Secondary reference fuel of technical 
isooctane. Very similar to fuel F. 


HUCR 


LMT 


LSMT 
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FIGURE 2 
Relation of the Knock-Limited Compression Ratio or Indicated Mean 
Effective Pressure to Octane Number. 
These curves, as well as that of Figure 1, suggest that the 
“size” of an octane unit increases toward the upper end of 
this scale. 
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FIGURE 4 
Relation of AGAC Index and Octane Numbers. 


The discontinuity at 100 is evidence of imperfection in one 
or both of these scales, which were developed by the Avia- 
tion Advisory Committee. 
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or coolant temperature, ignition or valve timing, has a dif- 
ferent severity, and thus constitutes a different “engine.” 


Extensions of the Octane-Number Scale 


Improvement in the quality of aviation fuels and the de- 
velopment of test methods adapted to rating fuels of over 100 
octane number led to increasing interest in extension of the 
knock-rating scale. A number of methods were subsequently 
proposed and some gained limited acceptance. Chief among 
these was the use of leaded blends of normal heptane and 
isooctane, calibrated below 100 octane number and extended 
by assuming linearity of uniform curvature above that point. 
Such extrapolations, however, were uncertain because any 
small error in the calibration points was magnified by the 
extension, particularly where the calibration was non-linear. 
A painstaking analysis showed that even the averaged data 
obtained by a group of laboratories in a planned series of 
calibration tests were not of a precision sufficient to warrant 
extension of 100 percent of the leaded isooctane constituent. 
Needless to say, the extensions obtained by different test pro- 
cedures were quite divergent. : 

Attempts were also made to extend the knock-rating scale 
by the use of some engine variable in place of octane num- 
ber. The performance-number scale, adopted by the military 
air services, has gained the widest acceptance of any such 
method. Developed initially as an average of the relative 
knock-limited output of a number of engines, from labora- 
tory single-cylinder to full-scale multicylinder engines, oper- 
ating on isooctane clear and with additions of tetraethyl lead, 
this scale was subsequently extended to fuels below 100 
octane number as shown by Figure 3. The term “perform- 
ance number” is possibly an unfortunate one, as it has 
led many to believe that in some remarkable fashion, the 
performance number of a fuel exactly foretells its perform- 
ance in any and all engines. This is not true, just that a CFR 
Motor Method octane number of 70 means that the fuel will 
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FIGURE 5 
Ratings of Leaded Alkylate-Base Blends by the CFR Aviation 
(F-3) Method. 


The ratings are expressed in terms of octane number and of 

tetraethyl lead in isooctane in the lower figure; above, they 

are given in terms of the leaded S and M (LSM) and the 
leaded S and M with 10 percent toluene (LSMT) scales. 
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rate 70 octane number in all automobiles. The CFR Motor 
Method test conditions were chosen to rate fuels in the 
order in which they were rated on the average by a number of 
automobiles. The performance number scale similarly gives the 
performance of fuels on the average, relative to isooctane as 100 

More recently, the Sub-Committee on Blending Octane 
Numbers of the Aviation Gasoline Advisory Committee has 
developed empirical extensions of the knock rating scale” 
for the CFR Aviation (F-3) and the CFR Supercharge (F-4) 
Methods. The extension for the F-3 Method is based on the 
octane-number scale, while that for the F-4 Method is an 
index number, having a value of 100 for isooctane, and 
rather closely approximating the AN performance-number 
scale above 100. Both of these AGAC scales were developed 
to facilitate fuel-blending computations, and are well suited 
to this purpose. The accuracy of estimating the knock rating 
of a blend containing several components of known indivi- 
dual ratings is stated to be about one octane number. How- 
ever, it can be seen from a cross-plot of these scales, Fig- 
ure 4, that these extensions are less than ideal. Discontinuity 
does not occur in either test method at 100 octane number, but 
does occur in the nature of the reference fuels. The discontinuity 
at this point on Figure 4 therefore is attributable to faults in 
one or both of the extensions. ‘ 


CFR Work on Extension of Knock-Rating Scale 


A little over two years ago, the CFR Aviation Fuels Divi- 
sion organized a group on the Aircraft Fuel Knock Rating 
Scale. This group, hereinafter designated as the AFKRS 
Group, was assigned the dual problem of specifying reference 
fuels and a generally acceptable scale for the knock rating of 
aviation gasolines. As it was felt that the solution of the 
reference-fuel portion of the assignment would have con- 
siderable bearing on the scale selected, the activities of the 
group were first directed toward the study of possible refer- 
ence fuels. 

Early experimental work of this group was devoted to ‘a 
study of two sets of secondary reference fuels. One, desig- 
nated LSM, was composed of technical isooctane (S refer- 
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FIGURE 6 


Ratings of Leaded Alkylate-Base Blends by the CFR Supercharge 
(F-4) Method. 
The ratings are expressed in terms of tetraethyl lead in tech- 
nical isooctane (S reference fuel) in the lower figure; above, 
they are given in terms of the leaded S and M (LSM), and 
the leaded S and M with toluene (LSMT) scales. 
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ence fuel) and a gasoline (M) of about 20 octane number, 
both containing 4.6 milliliters of tetraethyl lead per gallon. 
The other, designated the LSMT scale, in addition to the 
above, a constant toluene content of 10 percent, which con- 
ceivably might improve the precision of ratings, by making 
the sensitivity of the reference fuels comparable to that of 
the test fuels. As shown in Figure 5, when blends of alkylate 
and base stocks were rated by the F-3 Method against either 
set of reference fuels a substantially linear relations resulted 
between rating and composition. The shortcomings of the | 
present reference-fuel scale are well illustrated by the curve 
at the bottom of this figure. Similar charts for ratings by 
the F-4 Method are shown in Figure 6. From data similar 
to those shown in these figures it was concluded that the 
pron ag scale was of sufficient promise to warrant further 
study. 

An inquiry into possible sources of supply of compounds 
suitable as components of a primary reference scale extend- 
ing above leaded isooctane showed that of the highly anti- 
knock materials otherwise suitable, only triptane . (2,2, 3- 
trimethylbutane) could be made available in sufficient quan- 
tity. It was therefore decided to examine the possibilities of 
leaded blends of triptane and normal heptane (hereinafter 
designated LTrH) as primary reference fuels. A program 
was accordingly prepared for the intercomparison of LSMT, 
LTrH, and the present reference fuels. 

The first part of this program called for the F-3 rating of 
14 blends, containing from 48 to 100 percent LST, against 
the present secondary reference fuels, and the rating of iso- 
octane in terms of LSMT. Full mixture curves were to be 
run by the F-4 Method on 8 LSMT blends from 50 to 100 
percent, and these-were to be bracketed by present reference 
fuels. The study of the LTrH primary reference scale in- 
volved the intercomparison of LSMT and LTrH blends, and 
their comparison with isooctane, by both F-3 and F-4 
Methods. The six laboratories of the ADKRS group partici- 
pating actively in this program were: California Research 
Corporation, Intava Laboratories, Ltd., National Bureau of 
Standards, Standard Oil Development. Company, Standard 
Oil Company (Indiana) and Socony-Vacuum Oil Company. 
In spite of the fact that the LTrH blends, and also in some 
cases the LSMT blends, were prepared individually by the 
several laboratories, the agreement of the test data was very 
good.” In the F-3 rating of LST, for example, the results 
from 5 of the 6 laboratories fell within a range of 1.4 per- 
formance number. 

The faired relations found between the various reference- 
fuel scales by the F-3 Method are shown by the solid lines on 
Figure 7, the Army-Navy performance-number scale being 
plotted thereon as a dashed line. (A subsequent calibration 
by selected laboratories of the CFR-AFD Exchange Group, 
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FIGURE 7 


Relations between Present and Experimental Reference Fuels by the CFR 
Aviation (F-3) Method. 


Scales shown are the present ‘secondary reference scale of 

fuel F in fuel C (F/C), octane number (ON), tetraethyl lead 

in isooctane (TEL/10), leaded S and M with 10 percent 

toluene (LSMT), and the Army-Navy performance number 

scale (PN) in compariaen TH). leaded triptane-heptane 
.TrH). 
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on a batch of LST and LMT fuels, confirmed the curves 
in this figure, and resulted only in straightening the F/C and 
octane-number lines.) In terms of the leaded triptane-heptane 
blends, the F in C, the LSMT, and the octane-number scales 
are all nearly linear, as is the performance-number scale over 
the range 60 to 90 percent LTrH. The experimental secon- 
dary scale, LSMT, is seen to cover the range of present, 
reference-fuel scales, by this method, and the contemplated 
med | reference-fuel scale, LTrH, is seen to extend well 
sa the present scale. 

igure 8 is typical of the F-4 Method rating curves ob- 
tained by members of the AFKRS group in the investiga- 
tions of the LSMT and LTrH scales. From the averaged 
data, the interrelations of the various scales were found to 
be as shown in Figure 9. It is noteworthy that by this 
method, all scales composed of two reference fuels having 
zero or equal contents of tetraethyl lead are related by 
straight lines. It is also of interest that only 81 percent of 
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Typical Rating Curves by the CFR Supercharge (F-4) Method. 


Curves of knock-limited indicated mean effective pressure 
(IMEP) against fuel-air ratio are shown for blends of 
reference fuels S and M (S/M), for tetraethyl lead in 5 
(e.g., S 6), and for various concentrations of leaded S with 
10 percent toluene in leaded M with 10 percent toluene 
(LSMT), and leaded triptane-heptane (LTrH). 


leaded triptane in heptane is required to equal the upper 
limit of the present scale, isooctane plus 6 ml tetraethyl lead 
er gallon. The leaded triptane-heptane scale thus appears to 
= more than adequate for any probable extension of the F-4 


Method. 


Inferences from the Relation of Imep to Fuel Composition 


As mentioned earlier, it has been observed that a plot of 
the reciprocal of knock-limited indicated mean effective 
pressure (imep) against fuel composition is generally linear, 
when determined in supercharged engines. In Figure 10, the 
reciprical imep at the F-4 rich peak is plotted against the 
LTrH scale. It is obvious that this relation is linear over 
the relatively large range 25 to 85 percent LTrH. Extrapola- 
tion, justified by the range and linearity of the data, shows 
that the reciprocal imep would become zero at 109.5 percent 
LTrH. This point is the absoiute upper limit of knock scales 
by the F-4 Method, or by any method of equal severity, as 
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FIGURE 9 


Relations Between Present and Experimental Reference Fuels by the 
CFR Supercharge (F-4) Method. 


Scales shown are fuel S in fuel M (S/M), octane number 
(ON), tetraethyl lead in isooctane (TEL/10), leaded S and 
M with 10 percent toluene (LSMT), and the Army-Navy 
performance number (PN) scale in comparison with leaded 
_triptane-heptane (LTrH). 


with a fuel of this rating, trace knock would occur only at 
infinite supercharge pressure. The numerical value of this 
endpoint is not fixed exactly by the few data shown here, 
but the occurrences of an endpoint is beyond dispute. 

Figure 10 opens a vista of interesting and useful deduc- 
tions. In the first place, the facts that the infinity of the F-4 
knock scale is but 9.5 percent beyond the physically realiz- 
able 100 percent LTrH, and that determinations may be made 
to as low as 25 percent LTrH, means that the error in extra- 
polating to the infinity of the scale is small. Here for the 
first time is a continuous scale which can cover the range of 
all present and future aircraft fuels. Should it become neces- 
sary to rate fuels above 100 percent LTrH by a test method 
of severity comparable to that of the F-4 Method, a second- 
ary scale having a component above 100 percent LTrH can 





LtrH, % 


FIGURE 10 
Variation of Reciprocal Knock-Limited Indicated Mean Effective 
Pressure with Reference Fuel Composition. 
Tests by the CFR Supercharge (F-4) Method show that a 
linear relations exists between knock-limited indicated mean 
effective pressure (IMEP) and the leaded triptane-heptane 
(LTrH) scale. 


Petroleum Refiner—V ol. 25, No. 1 




















be calibrated up to that point, and used at higher levels with 
complete confidence in the results. 

Another deduction from Figure 10 is that in evaluating 
knock ratings by interpolating between reference fuels, the 
interpolation should be based on the’ reciprocals of the indi- 
cated mean effective pressures, not on the direct values, 
which are not linear with reference-fuel composition. For 
example, if 60 percent and 70 percent LTrH are used as 
bracketing reference fuels, the error so arising from inter- 
polation between the direct values of the indicated mean ef- 
fective pressures would be greatest near the center of the 
bracket, and would amount to 0.6 percent LTrH. Over more 
than half the bracket range the error would exceed 0.4 per- 
cent STrH. This error varies in magnitude over the LTrH 
scale, increases with the square of the bracket size, and is al- 
ways negative in sign within the bracket, and positive outside 
the bracket.“ Any extrapolation leads to large error. For 
example, a fuel equal to 75 percent LTrH, if thus rated from 
a 60 percent to 70 percent LTrH bracket, would be evaluated 
2.2 percent LTrH too high. 

However, when interpolation is based on the reciprocal 
imep, no such curvature errors are present, and the size of 
the bracket is without effect on the precision of rating. 
Using data from one laboratory which covered the range 
25 percent to 85 percent LTrH, and interpolating between 
these limits to determine the ratings of their intermediate 
blends from the reciprocals of the reported imep values, 
yields results with a standard deviation from the nominal 
values of 0.56 percent LTrH. Note that this interpolation 
covers the range equivalent to about 40 octane units with an 
actual—not a calculated—precision of about one-third of an 
octane unit. 2 

While the routine use of reciprocals would involve addi- 
tional computation, this can be avoided, and the entire 
process of obtaining an F-4 rating can be simplified, with an 
accompanying increase in precision, by a suitable revision 
of the standard-curve sheet. This revision is accomplished 
by so warping the imep framework as to convert reference- 
fuel response curves into horizontal straight lines spaced 
equally. On such a plot, test-fue! response curves are ap- 
proximately linear and nearly horizontal, and the rating is 
obtained by direct interpolation between the reference-fuel 
response lines. 


The Detonation Index 


Also from Figure 10, the ratio of the knock-limited in- 
dicated mean effective pressure of any LTrH blend to that 
of isooctane can be found readily. As isooctane is rated at 
65.5 percent LTrH, the value of 1000/imep for isooctane, 
divided by the corresponding value for the LTrH blend in 
question gives the desired ratio. When multiplied by 100, 
this ratio gives a “Detonation Index” which indicates the 
relative performance of the fuels in the test engine. This 
Detonation Index is continuous and logically extensible to 
any desired limit. It can be determined physically on the 
test engine. It is not a function of any given reference-fuel 
scale, as it is based on isooctane alone, but it can be correlated 
with any scale. 

Figure 11 shows the AN performance number and the 
Detonation Index plotted in relation to the LTrH scale. 
As the Detonation Index is the actual imep—or power— 
ratio of the LTrH blends to isooctane in the F-4 test engine, 
it is apparent that the AN performance number does not 
correctly indicate performance in this engine, in the 
range above 100. Originally a rough average of the perform- 
ance ratios of an assortment of engines operated on fuels 
from clear isooctane to isooctane plus 6 ml tetraethyl lead 
per gallon, the AN performance number above 100 is now 
defined by a formula relating it to tetraethyl lead in iso- 
octane. This formula is usable only to isooctane plus 6 ml 
tetraethyl lead per gallon, which is equivalent to 161 per- 
formance number. When the AN performance-number scale 
was extended below 100, a totally different type of formula 
was chosen. This new formula is of the type used in relating 
the Detonation Index to the LTrH scale. This fact, and the 
choice, implicit in the formula, of 128 as the end of the 
octane-number scale, account for the excellent agreement of 
the Detonation Index and the AN performance-number 
scales below 100. By the present work, the end of the octane- 
number scale is set at 127.4. 

The fact that actual performance ratios are not linearly 
related to fuel composition, as is shown in Figure 11, means 
that such scales are inherently unsuited to fuel-blend com- 
putations. On the other hand, all of the reference-fuel scales 
for the F-4 Method, except those having variable lead con- 
tent, are linearly related as shown in Figure 9. Furthermore, 
the knock ratings of most blends, such as alkylate and base, 
are approximately straight-line functions of composition when 
the rating is expressed in terms of reference-fuel scales 
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FIGURE 11 


Comparison of the AN Performance-Number Scale with the 
Detonation Index. 
The Detonation Index is the actual ratio of the knock- 
limited power of the leaded triptane-heptane blends (LTrH) 
to that of isooctane taken as 100. The Army-Navy Perform- 
ance Number, an average ratio for a number of engines, does 
not correctly indicate the power ratio above 100 in the CFR 
Supercharge (F-4) Method engine. 


such as those under consideratign, provided, of course, that 
the lead contents of the components are equal. There are 
exceptions to this generalization, chiefly in cases where the 
blend components are of diverse types of hydrocarbons, but 
such exceptions do not follow any rule applicable also to 
the normal blends. Hence it appears that the LTrH scale, or 
“triptane number” as it might well be called, is well suited 
for use in blending computations. 

In engine work, performance is of more concern than 
fuel composition. Experimental fuels now in use have sur- 
passed the useful range of the AN performance-number scale 
as defined, and “performance numbers” are assigned to these 
fuels on the basis of the ratio of the knock-limited imep of 
the experimental fuel to that of isooctane, in the test engine. 
Such performance numbers are identical both in principle 
and in practice with the proposed Detonation Index. As the 
Detonation Index has thus been accepted in practice, it would 
appear desirable to abandon the AN peformance-number 
scale altogether, in favor of the Detonation Index, thus hav- 
ing a scale which is factual, illimitably extensible, and rigor- 
ously related to the reference-fuel scale used in blending com- 
putations. The amount of change involved in transforming 
AN perforniance number to Detonation Index, in the range 
of present production fuels, can be seen from Figure 11. 

It should be noted that the Detonation Index as developed 
for the F-4 Method can not be applied to the F-3 Method. 
In the latter method, the compression ratio and consequently 
the severity is increased with rating level. The reciprocal 
relationship of knock-limited indicated mean effective pres- 
sure and reference-fuel composition does not hold in such 
a case. However, as shown in Figure 12, the F-3 rating is 
closely related to the .F-4 lean minimum rating.“ The latter 
was abandoned recently because of poor reproductibility, but 
a lean-minimum method may be reinstated in place of the 
F-3 rating when the improved supercharge method now un- 
der development is completed. As the reciprocal relationship 
was found to hold also for F-4 lean minimum ratings, it 
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may be expected to hold in the case of the new method, and 
a suitable Detonation Index can therefore be developed for 
this rating. 

Discussion of the Proposed Scales 


Both of the scales under study have the folowing advan- 
tages over present scales: (a) continuity over the range at 
present of interest, thus simplifying the treatment of test 
data, and facilitating blending computations; (b) constantcy 
of tetraethyl-lead content, which, together with the fact that 
this content approximates that of most aviation fuels, should 
result in a reduction of the error of rating, and should ex- 
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Comparison of CFR Aviation (F-3) and CFR Supercharge (F-4) Lean 
Minimum Ratings. 

The ratings by these two methods, expressed in terms of the 
Army-Navy performance-number scale, agree closely for a 
number of typical aviation fuels. 

The solid line fits the data, while the broken line indicates 
exact equality. The difference is equivalent to about one-half 
octane unit. 


pedite rating by eliminating “lead hangover,” which often 
occurs when changing from the test fuel to reference fuels 
either clear or of different lead content; and (c) sensitivity 
approximating that of conventional aviation fuels, which 
should reduce rating errors, arising from this cause. 

It has been argued that the lead content of the proposed 
reference fuels is disadvantageous from the standpoint of 
servicing required on the knock-test engines. This argument 
loses much of its force when it is recalled that the effects of 
tetraethyl lead are more serious at high outpui, and that un- 
der these conditions the present reference fuel, isooctane, re- 
quires a comparable or greater addition of tetraethyl lead to 
match fuels capable of high output. 

It would be contrary to all precedent, at least in the field 
of knock rating, if the triptane scale were not accompanied 
by some disadvantages. The objection most generally raised 
is the high sensitivity of triptane. The knock rating of clea 
triptane by rating methods currently in use varies from only 
slightly higher than that of isooctane to far above isooctane 
plus 6 ml tetraethyl lead per gallon. That the addition of 
tetraethyl lead to triptane does not reduce this sensitivity 
greatly can be inferred from the fact that isooctane plus 3 
ml tetraethyl lead per gallon is equal to 77 percent LTrH 
by the mild F-4 Method (Figure 9), while by the severe 
F-3 Method it equals 92 percent LTrH (Figure 7). Two re- 
joinders can be made to this objection. 

In the first place, isooctane is less sensitive to changes in 
engine severity level than almost any fuel of equal rating. 
It is much less sensitive than any commercial aviation fuel, 
as is indicated by the disparity of the two grade numbers 
assigned to the latter, 100/130 for example. This lack of 
sensitivity is by no means an unmixed blessing. In rating 
fuels against isooctane, any vagary of the engine severity 
will affect the knock of the test fuel to a much greater extent 
than that of the isooctane reference blend, and will thereby 
alter the rating of the test fuel. The precision of fuel rating 
therefore may be expected to be poorer with isooctane than 
with a suitably, sensitive fuel. The behavior of triptane in this 
respect can be indicated by ‘the fact that Grade 100/130 fuel, 
which by the F-3 Method is equal to isooctane, and which is 
equal to the latter plus 1.25 ml tetraethyl lead by the F-4 
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Mechod, would rate 69 and 73 triptane number respectively. 
Thus at this level, blends of triptane and heptane are still 
ad less sensitive than this well-known military aviation 
uel 

Secondly, from test data which can not be disclosed in 
full at present, it is beginning to appear that high sensitivity 
is an inevitable corollary of high knock rating. Should this 
prove to be correct—and there is but litle doubt that it will— 
then it follows that any physical scale above isooctane will 
involve a sensitive fuel, and also that any aviation fuels of 
higher ratings than those now used will be of higher sensi- 
tivity than current fuels, and. preferably should be rated 
against sensitive reference fuels. 


With the completion of research now being carried on by 
the CFR-AFD Exchange group, on the calibration of a pure 
batch of triptane, and on the routine rating of a pure batch 
of triptane, and on the routine rating of monthly samples 
against the experimental secondary scale, LSMT, definite in- 
formation will be available on the relative precision of rating 
with present and experimental scales. This information, to- 
gether with that obtained earlier by the AFKRS group, 
should provide an adequate basis for evaluating the relative 
merits of the present and the proposed scales. Should the 
triptane scale then be adopted for use with aviation fuels, it 
would be desirable to study its application to the motor-fuel 
test methods. The advantages of having a single scale which 
would cover all test methods are too obvious to warrant 
discussion. 

Conclusions 


The past quarter of a century has witnessed practically 
all of the development of the art of knock rating. The pioneer 
Ricardo engine and reference scale gave way to a miscellany 
of engines and scales, from which emerged the CFR engine 
and the octane-number scale. With the advent of fuels rating 
above 100 octane number, several systems of extending the 
octane-number scale were proposed. Of these the principal 
survivors are the AN performance number and the AGAC 
extended octane and index numbers. Experimental fuels have 
now exceeded in knock rating the range of these systems. 


With increasing study of the problem it has become ap- 
parent that a single rating scale will not satisfy the needs 
of all concerned. A scale is needed in terms of which fuel- 
blending computations can be made readily, and an inter- 
changeable scale is needed by means of which relative engine 
performance can be expressed. While it is true that such a 
performance scale can be exact only for the engine on which 
it was developed, it is likely that with increasing under- 
standing of the problem we shall be able to estimate ac- 
curately the performance of the fuel in any given engine, 
from ratings of.the fuel under mild and severe test condi- 
tions. 

The exploratory work of the AFKRS Group of the CFR 
Aviation Fuels Division leads to the conclusions that the 
leaded triptane-heptane scale appears to have much promise; 
that this scale, which is expressible either as triptane num- 
ber or Detonation Index, being extensible with accuracy to 
the upper limit of antiknock quality, is of adequate coverage; 
and that it is definitely superior in important respects to 
present reference-fuel scales. Research now in progress may 
be expected to provide information on which adoption of 
this scale can be based. 
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‘Te E total liquefied petroleum gas 
sales in 1945 excluding those for the 
production of automotive and aviation 
gasoline, and synthetic-rubber compo- 
nents are estimated to be 1,100,000,000 
gallons, an increase of 21.4 percent over 
1944, notwithstanding that for several 
years the liquefied-petroleum-gas indus- 
try has been operating under restrictions 
applied both to supply and to utiliza- 
tion facilities. Although practically all 
government restrictions on liquefied pe- 
troleum gas have been removed, the use 
of this material has not increased as 
much as would have been expected after 
the termination of the war, because of 
shortages of manpower and materials 
for fabricating gas-consumers’ appli- 
ances, storage, utilization and transpor- 
tation equipfnent. 


II. Domestic Use 
The largest single use of liquefied pe- 


January, 1946—A Gulf Publishing Company Publication 


troleum gas is for household (domestic) 
purposes, with sales estimated to be 
540,000,000 gallons, an increase of 23.2 
percent over 1944, Although all restric- 
tions on new domestic installations were 
removed for the last four months of 
1945, inability to obtain necessary utiliz- 
ation equipment and appliances as well 
as manpower has kept new installations 
at a sub-normal figure. It is estimated 
that the domestic users as of December 
31, 1945, were 2,050,000, representing an 
increase of 5.1 percent over 1944 
Because of the wartime restrictions in 
the form of limitation orders issued by 
the federal government and because of 
the shortage of materials due to their 
use in the production of war products, 
a large pent-up demand for liquefied 
petroleum gases for use in homes be- 
yond the gas mains now exists. Relative- 
ly few new installations were made dur- 
ing the war period as it was necessary 


to obtain PAW and WPB approval for 
war necessary installations, and all other 
installations were prohibited. 

There is an apparent increased ten- 
dency to use more propane and less 
butane. Some installations have been 
converted from the use of butane to 
propane. This trend to a greater use of 
propane in proportion to butane is ex- 
pected to continue. 

To serve more homes efficiently and 
to better meet competition, many dis- 
tributors have built new bulk stations 
and have improved their service organ- 
izations. Likewise a large amount of 
new equipment of all types, including 
transport trucks, has been ordered. 

Many new marketers and distributors 
have entered the LPG business. Some 
of these newcomers are just develop- 
ing their organizations and consequent- 
ly sold very little in 1945. It is expected 
that more distributors will enter this 
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field during the coming year. To a great 
number of uninformed people,. the busi- 
ness appears to be an opportunity to 
“get rich quick”; however, this is not 
the case. Adequate capital, merchandis- 
ing experience, a fruitful territory and 
patience are required for financial suc- 
cess. It will be necessary for the indus- 
t to maintain constant vigilance at 
all times, and especially during this 
period of rapid growth, to insure the 
maximum safety, both from the stand- 

int of the consumer and the distri- 
utor. 

A large amount of the increase in 
domestic LPG consumption during the 
past year was due to greater use by 
pre esent consumers. As new appliances 

come available, it is expected that the 
average consumption of LPG by the 
domestic consumers will further increase 
above 1945 levels. With the increased 
standard of living it is reasonable to ex- 


pect greater use of liquefied petroleum 
gases than heretofore, especially through 
the use of more gas ‘burning appliances 
in the average home. 


III. Industrial Use 


It was estimated that the quantity 
used in 1945 for industrial fuel, internal- 
combustion-engine fuel and miscellane- 
ous uses was 280,000,000 gallons, which 
represents an increase of 48 percent 
over 1944. While the direct motor fuel 
use has increased over the 1944 con- 
sumption, the quantity of LPG used 
for other industrial purposes did not 
materially increase, because of reduced 
industrial plant activities during the pe- 
riod of reconversion. 


IV. Gas Menufacturing Use 


The quantity « utility gases trans- 
mitted in gas mains has shown a con- 
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sistent increase during the past several 
years. To meet this increased consump- 
tion has taxed the resources of many 
utility companies. Although utilities in 
general have endeavored to keep their 
winter house-heating peak demand at a 
reasonable level, in a great number of 
cases these peak demands have reached 
such proportions that the installed equip- 
ment is no longer capable of supplying 
the required gas. To increase their gas- 
producing capacity in a minimum length 
of time and still secure maximum flexi- 
bility at reasonable costs, a number of 
utilities have installed liquefied petro- 
leum gas facilities to produce supple- 
mental gas for these peak periods. 

In addition to the liquefied petroleum 
gas used for peak-load shaving, a large 
quantity is distributed undiluted or di- 
luted to various heating values. The 
sum of the LPG used for peak-load 
shaving and for distribution in pipe lines 
has been estimated for 1945 as 60,000,000 
gallons which represents an increase of 
oe percent over that consumed in 


V. Chemical Uses and Other Demands 


The quantity of liquefied petroleum 
gas used in the chemical manufacturing 
industry depends to a great extent upon 
the definition of chemical uses. After 
excluding the C; and C, hydrocarbons 
used for the production of aviation and 
automotive gasolines and for the pro- 
duction of synthetic-rubber components, 
which are large uses of propane and 
butanes, the quantity consumed in the 
production of chemicals is still a size- 
able amount of the marketed liquefied 
petroleum gases. It was estimated that 
220,000,000 gallons of C; and C, hydro- 
carbons were used for such chemical 
manufacture during 1945. This is an in- 
crease of 44.8 percent over 1944 con- 
sumption. 

Since the quality of motor fuel has 
returned to its prewar level and in some 
cases increased beyond this point, the 
quantity of LPG, especially butanes, go- 
ing into motor fuel has increased to a 
level almost equal to its prewar amount. 
Likewise since a number of alkylation 
units are operating to produce motor- 
fuel alkylate, sizeable amounts of C, 
hydrocarbons are required in the form 
of isobutane and butvlenes. 

Although the butadiene plants using 
alcohol as feed have been shut down, 
most of the plants producing butadiene 
from petroleum are operating near or 
above their designed capacity. Therefore 
the demand for normal butane and 
butylenes for the production of buta- 
diene has not changed with the cessa- 
tion of hostilities, nor does it appear 
that this demand will decrease material- 
ly in the immediate future. Likewise the 
demand for propane used in the pro- 
duction of ethylene for styrene, another 
synthetic rubber component, is not ex- 
pécted to decrease appreciably. Styrerie 
is also used for the production of plas- 
tics. These uses are not included under 
chemical manufacturing in Table 1. 


VI. Industry Activities in 1945 


During 1945 the liquefied-petroleum- 
gas industry was very active in promot- 
ing greater and more uniform safety 
regulations. The Liquefied Petroleum 
Gas Association (LPGA) continued to 
spend considerable effort mm suggesting 
revision of NBFU Pamphlet No. 58— 
“Standards of The National Board of 
Fire Underwriters for the Design, In- 
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THE M. W. KELLOGG COMPANY 


LOS ANGELES 


KELLOGG HEAT TRANSFER EQUIPMENT 
To Meet Specific Operating Gouditions 


Kellogg heat exchangers and heat 
transfer equipment of specialized design 
have been installed in many refineries 
producing vital war materials. 


Their selection was due to the fact 
that Kellogg engineers, specialists in heat 
transfer problems, had designed and in- 
stalled hundreds of thousands of square 
feet of heat transfer surfaces in leading 
refineries of the United States and foreign 
countries. Correct design, rugged con- 
struction, flawless materials, and the most 


609 SOUTH GRAND 
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JERSEY CITY, NEW JERSEY 
REPRESEN 
HOUSTON 2, TEXAS 


accurate workmanship were combined to 
produce heat exchangers which operated 
efficiently and economically. 


Kellogg offers to refiners the experience 
of outstanding specialists in heat transfer 
problems in collaboration with the Kellogg 
chemical and physical laboratories to 
aid in solving refinery heat transfer 
problems. 


Let a Kellogg engineer help you with 
your heat transfer problems. 


225 BROADWAY 
TATIVE 


402 ESPERSON BLDG 


NEW YORK 7, N 
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Marketed Production of Liquefied Petroleum Gas 















































TOTAL SALES DISTRIBUTION—1000 GALLONS ANNUALLY 
Percent Percent | Ind. and | Percent Gas Percent| Chem.{ | Percent 
YEAR Gallons Inc. Domestic | Inc. Miscl. Inc. Mfg. Inc. Mfg. Inc. 
1922. . 223 ied 
1923... 277 24.4 
1924. . 376 36.0 Sale of Liquefied petroelum gas coniined primarily to bottled gas business 
1925... 404 7.2 prior toA928. 
1926... 465 | 15.2 l 
1927 .-. 1,091 134.6 | | 
1928... 4,523 | 314.6 2,600 me i 1,500 . 
1929... 9,931 119.6 5,900 126.9 | 1,500 275.0 2,500 66.7 
1930. . 18,017 81.4 11,800 100.0 | 2,200 46.7 4,000 60.0 
1931... 28,770 59.7 15,295 29.6 7,172 226.0 6,303 57.6 
1932. 34,115 18.6 16,244 6.2 | 8,167 13.9 9,703 53.9 
1933 38,931 14.1 16,626 23 13,987 71.3 8,318 |—14.3 
1934 56,427 44.9 17,681 6.3 32,448 132.0 6,298 |—24.3 
1935. .. 76,855 36.2 21,380 20.9 47,894 | 47.6 7,581 20.4 
1936... 106,652 38.8 30,014 40.4 67,267 | 40.4 9,371 23.6 
1937... 141,400 32.6 40,823 36.0 62,610 ° 11,175 19.3 26,792 neh 
1938... 165,201 16.8 | 57,832 | 41.7 62,694 | 0.0 12,386 10.8 32,299 20.5 
1939. . 223,580 35.3 87,530 51.4 93,723 49.4 15,435 24.6 26,892 | —16.7 
1940. . | $13,456 40.2 134,018 53.1 124,482 34.5 20,285 31.4 34,671 29.0 
1941... 462,852 47.7 | 220,722 | 64.7 172,699 38.6 25,255 24.5 44,206 27.5 
1942... | 685,440 26.5 299,559 35.7 201,447 16.7 31,366 24.2 53,038 20.0 
1943... 675,233 15.3 339,380 13.3 242,978 20.6 37,519 19.6 55,356 44 
1944. . 905,600 34.1 438,552 29.2 267,295 10.0 47,768 | 27.4 151,985 175.0 
1945. | 1,100,000 21.4 540,000 23.2 280,000 4.8 ,000 | 28.6 220,000 44.8 
| | 

















* Not comparable due to segregation of chemical manufacturing. 


See Section V for De“inition of chemical uses. 


EMARKS: In the above table ‘Total Sales” for all years except 1945, were obtained from U. 8. Bureau of Mines re- 
. “Distribution” for the years 1931 to 1944, inclusive, was obtained from the same source. All other volumes were es- 


timated by the writers. The total sales volume includes all liquefied 
mixtures) when sold as such. Until 1944 the sale of pentane when so 


a gases (propane, butane, and propane-butane 
d for any purpose other than motor-fuel blending was 


included. It has been excluded since then. It does not include butane when blended with heavier petroleum fractions for 


motor-fuel purposes. nn pry md sales transactions such as purchases of liquefied petroleum gases by one com 
iquefied petroleum gases, have been eliminated in order to avoid duplication of sales figures. 
troleum gases used directly by the producer at the point of production, for fuel 


other companies and resold as 
The data do not reflect sales of liquefied 


ny from 


polymerization, solvent de-waxing, etc. Neither do the figures include sales hydrocarbons to plants manufacturing synthetic 


rubber or aviation or their components. 


stallation and Construction of Contain- 
ers and Pertinent Equipment for the 
Storage and Handling of Liquefied Pe- 
troleum Gases as Recommended by the 
National Fire Protection Association.” 
This work is very important since these 
standards serve as the basis of the laws, 
rules and regulations of most regulatory 
bodies. 

In an effort to better serve the lique- 
fied petroleura gas industry, and espe- 
cially the distributor, the LPGA is in 
the process of being streamlined for en- 
larged activities. 





=—att tha 
= ae bie aE Bo 
ee’ gene 


140 


The committee on gases of the Na- 
tional Fire Protection Association, has 
been actively studying safety relief valve 
area requirements for liquefied-petro- 
leum-gas storage tanks. 

With the end of the Japanese war, the 
industry advisory committees, the per- 
manent LPG Sub-Committees of the 
Natural Gas and Natural Gasoline Com- 
mittees and the Special LP-Gas Joint 
Survey Sub-Committee appointed by the 
Petroleum Administration for War were 
dissolved, but not, however, before the 


latter submitted to PAW an LPG sup- 


Lal 


2 ¢ *: 


— * nae a 
Ships 


Tanks for a propane storage system for a gas utility 





ply-and-demand estimate for the year 
1945. 


VII. Supply of Liquefied Petroleum Gas 

As a result of the large requirement 
for Cs and C, hydrocarbons during the 
war for the production of aviation gaso- 
line and synthetic-rubber components, 
numerous facilities to produce and sep- 
arate these hydrocarbons were installed 
throughout the United States. As a re- 
sult, the industry’s ability to produce 
and separate liquefied petroleum gases 
is greater now than at any other single 
time in our history. The quantity of C; 
and C, hydrocarbons included as lique- 
fied petroleum gases, and reported in 
this estimate, was considerably less than 
10 percent of the estimated total poten- 
tially available quantity of C, and C; hy- 
drocarbons which could be made avail- 
able at a price from gas processed by 
natural-gasoline plants and at refineries 
from crude-oil. 


VIII. New Uses for LPG 


One of the most interesting of the 
recent developments has been the use of 
LPG for flame cultivation (weed de- 
struction, particularly in row crops). Be- 
cause of the economic savings obtained 
by flame cultivation as compared to 
other methods of weeding, this method 
has aroused a great deal of interest in 
the agricultural industry, particuarly in 
the south. 

Of interest is the continued increase 
in the use of high-purity propane (free 
of unsaturates—propylene and _  buty- 
lenes) for the production of hydrogen 
by dehydrogenation processes, The hy- 
drogen in many cases is then used for 
hydrogenation of vegetable oils and ani- 
mal fats for the preparation of cooking 
fats, salad oils and soaps. 

The use of LPG by industrial plants 
for many precise heating operations 
such as controlled atmosphere anneal- 
ing with radiant tube furnaces, flame 
hardening and cutting, continued to ex- 
pand. 
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FOR EVERY GAGE REQUIREMENT 


Whatever your liquid level gage requirements, there is a 
Penberthy Gage that will meet your needs. These gages are 











suitable for the various pressure and temperature conditions 
of the oil industry. All Penberthy Gages conform with 
A.P.1.-A.S.M.E. requirements. 









Write for a copy of Catalog 34-A. 







PENBERTHY 







Transparent 


DROP FORGED STEEL 
PENBERTHY Reflex 


LIQUID LEVEL GAGES 
DROP FORGED STEEL 






Used to observe color and den- 










sity of liquids under high pres- LIQUID LEVEL GAGES 
sures, and/or temperatures. 

Construction is exceptionally Liquid shows black — empty 
rugged .... similar to Reflex space shows white. Preferred 
types. wherever liquid level must be 






easily and positively visible 

- and when liquids are un- 
der high prossure or at high 
temperature. 








PENBERTHY Kflex 


WATER GAGE SET 


Water shows black — steam 
shows white. U-Bolt construc- 
tion is strongest and simplest 
to service. Glass replaced by 
simply removing nuts on face 
of gage... unnecessary to 
work between gage and boiler. 




































PENBERTHY 
DROP FORGED STEEL 
LIQUID LEVEL GAGES 


Made of Chromium-molybdenum 
alloy temperature-resisting steel, 
extra heavy throughout. Stain- 
less steel trimmed. Tubular 
glass type gages also avail- 
able in various other metals 
suitable for practically all con- 
ditions. 
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PENBERTHY INJECTOR CO. 


DETROIT, MICHIGAN 7 Canadian Plant: Windsor, Ontario 
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OPERATION HUW tl lt || MAINTENANCE 








|. Elevation of Commodity Lines Cuts 


Iranster and Pumping Losses 


Becasnl convention dictated, the 
original transfer lines in this refinery 
were laid underground, corrosion eventu- 
ally caused pitting and many small leaks. 
To insure against future damage from 
this source, all commodity, transfer and 
pumping lines were rearranged above- 
ground, supported by stanchions. 


The reconditioning job was accom- 
plished without disturbing the original 
layout, and the new pipe systems com- 
pleted before tieing in. The various 
types of distillates, aviation blending 
stock, naphthas, kerosine and diesel fuels 
flow through separate systems from the 
run-down pumps, and the new piping 
was connected with a minimum of down 
time. The pipe stanchions which sup- 
port the piping is high enough that 
small trucks may be driven under them 
but not too high to prevent the mainte- 
nance, a 

Location of the improved system is 
along dikes and firewalls of the run- 
down tanks, and the take-offs are at 
points between rows of tank batteries. 
Manifolds are included so that any prod- 
uct can be by-passed to the treating 
system or to after-coolers if the tem- 
perature is higher than required for 
treating or storing. All fittings at these 
points are inserted in the main lines 
looking downward so that moisture or 
foreign matter will not accumulate along 


Commedity lines installed on overhead stanchions permit immediate 
detection of leaks. This installation has materially lowered transfer 
and pumping losses in the plant. 
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the bottom of the lines to create pockets. 
Several separate lines are connected to 
these manifolds in order that any prod- 
uct may be bypassed through the treat- 
ing plant or to after-coolers by opening 
and closing the main plug valves. 

At the run-down tanks, the manifold 
controlling the final disposition of the 
products is located at a convenient point 
so the operators may attend to tank 
switching from a central location. Here 
again the take-off from the headers is 
from the bottom of the piping so that 


the systems may be drained with the 
lease blending of products. Planned 
blending may be done through this 


system of manifolding by running in 
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THE WINNER 


A number of readers selected 
at random and asked to evalu- 
ate items printed in this depart- 
ment in November have indi- 
cated the award should go to 
Item 2—Filter Unit Supplies 
Clean Oil to Cranckcases and 
Lubricators. Accordingly, a $25 
ur Bond has been sent to 








first one product and then others as 
the case may be. 

Sufficient space is provided at the 
manifold so the operator can walk be- 
tween the banks of piping and valves 
on either side, and operate the system 
without running first to one valve and 
then another.—G. W.H., Texas. 


2. Hot Water Bath Prevents Hydrate 
Formation at Pressure Controls 


‘to PREVENT the freezing of zon- 
trols through which fluid or gas is ¢x- 
panded—thus possibly lowering the 
temperature below the hydrate-forming 
critical point — one company places 
boxes of light sheet metal around the 
controls, with piping to allow the flow 


' 
i | 


| 












of hot water around the unit and then 
either wasted on the ground or returned 
to the heating system as desired. 

The sides are welded with a light but 
tight bead to the pipes on either side 
of the instrument, the light flexible 
metal permitting it to be sprung enough 


y 





Manifold from branch lines leaving headers to connections on run tanks. 
with stops at convenient levels for manipulation when switching from one 
storage tank to another. 
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| erertninge a manufacturers who build products using 
piping find many advantages in Tube-Turn welding 
fittings. Here, for instance, is a Votator—one of many 
models of food processing equipment made by The Girdler 
Corporation. The piping system must be compact, leakproof, 
able to withstand pressure at high temperatures. Tube-Turn 
welding fittings meet every requirement.. 

If your product calls for piping insulation, remember that 
Tube-Turn welding fittings are streamlined, saving insulat- 
ing time and expense. Their smooth interiors make for 
maximum efficiency of flow. Their uniform wall thickness 
permits cutting for odd angles with complete assurance of 
perfect roundness. 

Many equipment manufacturers are discovering what 
piping engineers have long known—that Tube-Turn welding 
fittings offer exclusive advantages wherever piping efficiency 
is a factor. Tube Turns engineers will be glad to help on 
your individual problem, without obligation. 


TRAOE MARA 













Selected Tube Turns distributors in every 
principal city are ready to serve you from 
their complete stocks. 


TUBE TURNS (Inc.), Louisville, Kentucky. Branch 
Offices: New York, Chicago, Philadelphia, Pitts- 
burgh, Cleveland, Detroit, Washington, D. C., 
Houston, San Francisco, Seattle, Los Angeles. 


TUBE-TURN (09) svetaing ristings and Flanges 
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Welded to the line and enclosing regulating unit except on top, box may be filled with 
hot water and operating temperatures maintained above critical point for ice formation. 


to allow the instrument to be lifted 
out when the mounting flanges are dis- 
connected. 

Since the heating box rides on the 
line, and is’ supported by it, the entire 
set-up is free to shift under expansion 
changes without stressing any portion 
of the control piping, the amount of hot 
water being introduced to provide prop- 
er operating temperatures being also 
supported without overloading. 

Use of a light, two-part cover, with 
raised overlap along the center line will 
provide against the collection of dust, 
dirt or rain water within the box while 
not in use as heating agent—H. B. K., 
Texas 


3. Coupling Cover 
Protects Workers 


‘fo PROTECT workmen from injury 


due to clothing catching in rotating 
shafts and flexible couplings, an Okla- 
homa operator has installed covers on 
such equipment in his gasoline plant 
when machinery was installed to de- 
hydrate residue gas. The couplings are 
made from sheets 6f light weight gal- 
vanized iron, cut the required length to 
extend from one section of the machine 
to the other, and formed around a piece 
of pipe used as a mandrel. A lug is 
welded on one end which is attached 








a 


View of control on absorber, with motor valve to 
the left which operates at 7 pounds per square 
inch, and pilot control on the right. Aluminum 
painted valve below pilot is in line leading to 
warning device. Warning device operates when 
pressure from either of the two lines reaches a 
pressure of 13 pounds per square inch. 


144 


to a part of the equipment with a cap 
screw. Two arms are welded to the 
other end, sloping from the horizontal 
so the outer ends may be attached, also 
with cap screws, to the opposite portion 
of the machine. To place over the 
coupling, the open side, placed below 
the coupling, is spread wide enough so 
that the cover will slide over, after- 
wards squeezed to the original shape 
and secured in place.—G. T., Oklahoma. 





Pa month the operating personnel 
in the refining, cycling and natural- 
gasoline plants determine the winner of 
a War Bond, maturity value $25.00. 

Superintendents, assistant superin- 
tendents and foremen (subscribers as 
well as non-subscribers) become a jury 
to select the most practical contribution 
to this department on maintenance and 
operation. The editors rotate voting 
among men qualified to determine the 
rating. 

This award is in addition to payment 
for the article. These methods of. solving 
plant operation and maintenance prob- 
lems ceme from the personnel of the in- 
dustry. Items provided by Petroleum Re- 
finer staff members will not be eligible. 

Send contributions to Petroleum Re- 
finer, P. O. Box 2608, Houston 1, Texas. 











4. Squawker Warning 


. 
On Control Device 
= a pilot valve is used to 


operate the fat-oil outlet from an ab- 
sorber, or the reflux from a stabilizer, 
one cycling plant has incorporated a 
warning device that will sound when 
the liquid becomes higher than the 
predetermined level of operation. In the 
instance shown in the photographs, the 
spring in the motor valve is set to allow 
the valve to open when a pressure of 
seven pounds per square inch is exerted 
on the diaphragm. This pressure is ob- 
tained from a constant-bleed pilot valve 
operated by a float and torsion tube 
arrangement. 

A ¥%-inch tee placed in the pressure 
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MATHIESON ALKALI MAKES SYNTHETIC AMMONIA 
FROM NATURAL GAS UNDER 5000 LBS. PRESSURE 


The Mathieson Alkali synthetic ammonia plant 
at Lake Charles, Louisiana, uses ten Clark Steam- 
Engine-Driven Compressors. Gas composed of 
hydrogen and nitrogen is compressed from atmos- 


pheric to 5000 Ibs. pressure and then passed 
through a catalytic process which converts it into 


ammonia. 

This type of compressor unit can be built and 
installed faster and more economically than other 
types, an important factor in peacetime as it was 
in the war emergency. 

Write, phone or wire for full information. 


CLARK BROS. CO., INC., OLEAN, N. Y. 


One of the Dresser Industries 
New York * Tulsa * Houston * Chicago * Boston 
Los Angeles * London + Buenos Aires 








gravity balance and charcoal meter. A 
small electric vacuum pump is used to 
weigh the air at barometric pressure. 

To determine the recoverable heavy 
hydrocarbons from the condensate drop- 
out in primary separators, a known 
volume sample is caught at operating 
pressure by connecting top of sample 
container to gas section of primary 
separator and bottom of container to 
bottom of separator. The liquid is 
flashed very gradually to atmospheric 
pressure and liquid as near 60 degrees 
as possible. By measuring the first level 
and subtracting the last level of sample 
obtained, a fairly accurate percent by 
volume can be calculated as loss by 
evaporation. The vapors flashed off can 
be run through charcoal meter to again 
absorb heavy fractions. If loss is equal 
to a fraction of a gallon by measure- 
ment, the gas from the liquid is metered; 
therefore you can determine the content 
recovered and can calculate the loss by 
flash during 1 minute, 1 hour, or 24 
hours. 

The gallons recovered from the over- 
head gas plus the gallons absorbed from 
flashed gas, plus the heavier or stable 
hydrocarbons measured or metered from 
primary separators, less the water made, 
divided by amount of gas metered 
through orifice meter per minute, per 
hour, or per day will give the rich gas 
content. 

Herewith is Gas Settlement Test Re- 
port which shows method of procedure: 


7. Angle Iron Extensions 
Aid in Pipe Welding 


HANDY tool for aligning abutting 
ends of pipe without the time loss re- 
quired for blocking up the joints so as 
to close the seam and prevent shifting 
during welding was made by one com- 
pany welder from a heavy C-clamp. To 
the lower jaw and the movable anvil 
were welded 12-inch pieces of %-inch 





Welded to th les align pi 
withoet restictg geo, for’ welding, cbeitieg 
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GAS SETTLEMENT TEST REPORTS 
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WVe Water Prodceed 
angle iron, with the open angles so 
placed as to oppose one another. 

To align pipe within these extended 
jaws, it is necessary only to open the 
clamp, slide up to proper spacing the 
two ends to be welded, and bring pres- 
sure on the movable jaw with the clamp 
screw. 


8. Portable Grinder 
Speeds Overhaul 


i —_—aer on a small platform 
the motor which drives a grinding wheel 
through flexible shaft enables the unit 
to be made readily portable without los- 
ing the rigid mounting which is required 
to withstand vibration of the drive.. The 
platform carrying the motor is sup- 
ported on a short axle at the back, with 
a heavy foot or spud at the front. Han- 
dies at the rear enable the unit to be 
tipped back and rolled on the wheels. 

A short arm with yoke carries the 
lower end of the flexible shaft and pre- 
vents its being kinked or turned too 
short for proper operation. Paired fin- 
gers on the upper portion of the handle 
frame carry the grinder and short fixed 
shaft when not in use, the upper pair 
being made high enough to prevent the 
wheel from jarring free in case the 
switch is turned on before the grinder 
has been taken to the work. 

The wiring for the motor is carried 
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down inside a conduit welded to one 
side of the handle frame, with the switch 
mounted near the socket for the exten- 
sion cord.—B. L. W., California. 





Mounted on a self-scotching stand, with a sup- 
port for the flexible shaft at the motor and a 
deep V-notch for retaining wheel, this unit serves 
in place of much hand filing in reconditioning. 





READERS ARE URGED TO CONTRIBUTE items to this department. 
Drawings or photographs are desired where practical. Payment for 
items accepted will be on a basis that will compensate for the time 
involved and in addition each contribution will be eligible to receive 
the bond award as outlined in the announcement on page 144. Jury - 
awards will be announced in the second issue after publication. 











Petroleum Refiner—Vol. 25, No. 1 








THE )WonTH IN THE INDUSTRY 


Ax MID-JANUARY report of the fact-finding committee studying the refinery 
strike was awaited. That the report would be a post mortem, or at least moot, was 
indicated by developments which included failure of most of the employers involved 
to participate in the final stages or to open their books to the committee, and 
negotiations looking to settlement on a plant or company basis. Only two companies 
had representatives on hand when the hearing reconvened on January 7, the others 
sending word they were negotiating with local unions, and in seme instances 
agreements had been reached for a wage increase of 18 percent. (The increase 
apparently is generally acceptable, and negotiations are under way on other points, 
notably shift differentials.) The board proceeded with its hearing by putting into its 
record data from the companies’ published financial reports and government 
figures on wages and hours, apparently as a basis for its findings on “ability to pay.” 
Petroleum’s labor differences have been overshadowed by upheavals and rumors 
of pending strife in industries with more numerous personnel, but this industry 
remains .unique in that its plants are operating while the strike question is being 
negotiated. Operations are at normal, and except for fuel oil in some localities, 
products are in balanced supply. Men and management are proceeding with their 
plans for adjustment in the peacetime economy, and management is more concerned 
about the general strike situation than it is with petroleum’s own labor problem, 


which is working itself out. 


Antitrust Suit Against 
API and Others Revived 


The Department of Justice has filed 
a motion in federal court in Washington 
asking that a date be set for filing an- 
swers by the American Petroleum Insti- 
tute and 21 oil companies in the five- 
year-old antitrust suit against them. The 
motion is scheduled for hearing Feb- 
ruary 18. 

Originally filed in 1940, formal an- 
swers have not been filed by most of 
the defendants, although negotiations 
looking to a consent decree had been 
underway for some months and were 
dropped when the war started. The 
government agreed to indefinite post- 
ponement in July, 1942. 

The suit is a civil action which seeks 
no penalties for past infractions of the 
antitrust statutes, but would have the 
court order changes in business prac- 
tices, and dissolution of API. 

Defendant companies include The At- 
lantic Refining Company, Cities Service 
Company, Consolidated Oil Corporation, 
Continental Oil Company, Gulf Oil Cor- 
poration, Ohio Oil Company, Phillips 
Petroleum Company, The Pure Oil 
Company, Shell Union Oil Corporation, 
Socony-Vacuum Oil Company, Standard 
Oil Company of California, Standard 
Oil Company (Indiana), Standard Oil 
Company of Kentucky, Standard Oil 
Company (New Jersey), The Standard 
Oil Company (Ohio), Sun Oil Com- 
pany, The Texas Company, Tide Water 
Associated Oil Company, Union Oil 
Company of California, and 200 sub- 
sidiary and affiliate corporations of those 
named. 


Latimer Elected President 
Of Magnolia Companies 


J. L. Latimer has been elected presi- 
dent of Magnolia Petroleum Company, 
succeeding D. A. Little, whose retire- 
ment after 31 years with the company 
was hastened by ill health. 

Latimer entered the oil business in 
1915, when he was employed by Mag- 
nolia Petroleum Company as a helper on 
tank-car loading racks. In 1917, he vol- 





unteered for service in the Navy. Fol- 
lowing the war, he returned to the 
company and in March, 1938, was elected 
vice president and general manager of 
Magnolia Pipe Line Company and vice 
president and a director of Magnolia 
Petroleum Company. 


New Version of National 
Research Bill Presented 


A third version of the Kilgore bill 
providing for the creation of a National 
Science Foundation has been written on 
the basis of testimony taken during a 
series of hearings by the war mobiliza- 
tion subcommittee of the Senate Mili- 
tary Affairs Committee. 

The new legislation conforms more 
closely to the views of industrial repre- 
sentatives who appeared before the sub- 
committee, adhering to the basic policy 
of full publication and dedication to the 
public of all the findings and results 
of federally-financed research providing 
for exceptions necessary to protect the 
rights of private organizations which 
participate in programs of federal re- 
search and development. 

The organizational structure for the 
foundation also has been revised to per- 
mit maximum participation by scientists 
in formulating its program. 





Conventions 


January 
11—American Gas Association, South- 
west Personnel Conference, Jung 
Hotel, New Orleans. 
25—Independent Natural Gas Associa- 
tion, annual meeting, Houston. 


February 
4-8—American Society for Metals, 
annual meeting, Statler Hotel, 
Cleveland, 
25—American Society for Testing 
Materials, spring meeting, Pitts- 
burgh (continues through 
March 1). 
25—Chemical Industries Exposition, 
Grand Central Palace, New York 
(continues through March 2). 
March 
25-27—Western Petroleum Refiners 
Association, annual meeting, 
Blacks*one Hotel, Fort Worth. 
25-27—American Institute of Chemi- 
cal Engineers, Hotel Galvez, Gal- 
veston. 
April 
17-19—Natural Gasoline Association 
of America, Baker Hotel, Dallas. 
18-19—National Petroleum Associa- 
tion, Hotel Cleveland, Cleveland. 
23-25—Southwest Gas Measurement 
Short Course, University of Ok- 
lahoma, Norman, 
May 
7-9—National Association of Corro- 
sion Engineers, President Hotel, 
Kansas City. 
June 
24-29—American Society for Testing 
Materials, annual meeting, Buf- 
falo. 
Novenrber 
11-14—American Petroleum Institute, 
annual meeting, Stevens Hotel, 
Chicago. 











Shell Organizes 
Chemical Corporation 


Shell Chemical Corporation has been 
formed as a wholly-owned subsidiary of 
Shell Oil Company, Inc., to take over 
and continue the business of Shell 
Chemical Division of Shell Union Oil 
Corporation. The head office will be in 
San Francisco, Shell building, and the 
New York office will be at 500 Fifth 
Avenue. The official announcement gave 
these details of future activities: 

“In acquiring the business formerly 
conducted by Shell Union’s chemical di- 
vision, the new corporation will continue 
operation of the three chemical plants in 
California at Shell Point, Martinez and 
Dominguez, and later will take over 
operation of Shell Oil Company’s chemi- 
cal plant at Houston. Major products 
now being manufactured include am- 


Trends of Operations and Changes in Stocks 


Figures on crude stocks are from Bureau of Mines weekly reports; all others from American 
Petroleum Institute weekly reports, which are estimates on Bureau of Mines basis. 


(All figures in thousands of barrels) 
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Crude Oil Geseline Gasoil and Distillate | Residual Fuel 
Trends in Production| Runs to Stocks | Production} Stocks | Production; Stocks | Preduction| Stocks 
Week Ended: | Daily  |Stills Daily) Week End| Weekly | Week End| Weekly | Week End| Weekly | Week End 
1945: 
January 27 4,727 4,756 | 221,310] 14,957 4,843 561 9 51,119 
February 24 4,777 3 219,351 | 1 95,972 4,958 Ptr ond 16713 
rch $1...... 4,7 4,677 | 23:7 14,644 4,548 | 26,889 9,184 | 41,745 
April | eapae 4, 4,780 | 223,474| 14,683 | 94,068 4,636 | 28,273 9,379 | ° 39,813 
ay 26....... 4,887 4,950 | 222,831 | 15,1944 89,121 4,667 | 29,184 9,670 | 38,548 
June 30....... 4,908 4,999 | 220,781 | 15,546 | 86,472 4,910 | 32,218 9,077 | 40,488 
July 28........ 4,930 4,996 | 218,507| 16,106 | 86,008 4,508 | 36,071 9,586 | 42,283 
August 25... .. 4,892 4,931 | 211,813 | 15.986 | 84,693 4,960 | 39,782 9,356 | 46,201 
September 29 4,357 3,812 | 222387| 11,013| 79,552 3,940 | 43, 7,047 | 46,858 
aR OM RR 
0 oe . , 
December 29...| 4,474 4,790 | .....00. 14,546 | 95,205 5,055 | 36,651 8,765 | 42,447 
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monia, fertilizers, solvents and chemi- 
cals. It also will continue operation of a 
butadiene plant at Torrance, California, 
for the office of rubber reserve. 

“Its future activities will be directed 
toward further development of petroleum 
derivatives throughout the country.” 

Officials are J. Oostermeyer, presi- 
dent; W. P. Gage and L. V. Steck, vice 
presidents; J. W. Watson, treasurer; J. 
Rysdorp, secretary; P. T. Vockel, assist- 
ant treasurer; J. M. Sheldon, Jr., assist- 
ant secretary. The first five also are 
directors. 

The corporation 2000 
persons. 


WPRA Will Resume 
Three-Day Meeting 


During the war period Western Pe- 
troleum Refiners Association held only 
one-day conferences rather than three- 
day meetings, which are being resumed 
this year with March 25-26-27, as the 
dates for sessions in the Blackstone 
Hotel, Fort Worth. 

In addition to the general session 
there will be technical meetings. The de- 
tailed program is now being prepared by 
committees. 


will employ 


Helge Holst Assistant to 
Arthur D. Little President 


Helge Holst has joined the staff of 
Arthur D. Little, Inc., Cambridge, 
Massachusetts, industrial research or- 
ganization, to serve as assistant to Earl 
P. Stevenson, president. A graduate 
of Massachusetts Institute of Tech- 
nology and Harvard Law School, Holst 
was most recently engaged in facilitat- 
ing the transition of research develop- 
ments from laboratory to production at 
the Radiation Laboratory, M.I.T. He 


had previously beer with the legal de- 
partment of Lever Brothers. 





HELGE HOLST 
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Standard Development 
Announces Promotions 


H. G. M. Fischer and Edwin J. Gohr, 
formerly manager and associate man- 
ager of divisions of the Esso Labora- 
tories, have been appsinted assistant 
managers of the Research and Develop- 
ment Department of Standard Oil De- 
velopment Company, central technical 
organization for Standard Oil Company 
(New Jersey) affiliates. 

They will share responsibility for new 
and improved processes in the petro- 
leum field and undertake administrative 
duties within the company. 

Consequent to the new appointments, 
five other promotions were made in the 
Development Company. A. P. Hewlett 
was made manager of the Process Divi- 
sion of the Esso Laboratories succeed- 
ing Fischer; F. W. Schumacher and 
R. M. Shepardson were appointed as- 
sistant managers; B. C. Belden succeeds 
Schumacher as laboratory director; C. 
W. Tyson replaces Gohr as associate 
manager of the Development Division 
of the Esso Laboratories. 


Southwest Measurement 
Short Course April 23-25 


The general committee of the South- 
western Gas Measurement Short Course 
has set April 23, 24, and 25, as dates for 
the 1946 school to be held at the Uni- 
versity of Oklahoma, Norman. 

Other business of the meeting which 
was held in Dallas recently included the 
election of committee chairmen as fol- 
lows: program, R. M. Scofield, Lone 
Star Gas Company, Dallas; publications, 
C. E. Terrell, Southern Natural Gas 
Company, Birmingham; exhibits, J. L. 
Griffin, Northern Natural Gas Com- 
pany, Omaha; registration and publicity, 
Miss Kate A. Niblack, Oklahoma Utili- 
ties Association, Oklahoma City; local 
arrangements, W. H. Carson, Norman. 
W. H. Woods, Gulf Oil Corporation, 
Houston, is to continue to serve as 
chairman of the practical methods com- 
mittee for another year. 

The membership of industrial repre- 
sentatives on the general committee was 
increased from 10 to 12. Nine geographi- 
cal areas were designated, there being 
a member of the committee a representa- 
tive from each of the nine areas; the 
three remaining persons to be members- 
at-large. 


API Takes Over PIWC 
Quarters in Washington 


The American Petroleum Institute has 
taken over quarters in the Common- 
wealth Building, Washington, formerly 
occupied by the Petroleum Industry 
War Council, as transportation division 
headquarters with James E. Moss, di- 
rector of the division, as manager. 

In addition to offices for Moss, the 
Washington branch will provide an of- 
fice for President William R. Boyd, Jr., 
another for Joseph L. Dwyer, special 
representative assigned to Washington, 
and space for General Baird H. Mark- 
ham, director of the American Petro- 
leum Industry Committee and John E. 
Kane, its Washington representative. 

A conference room will be provided 
where committee and small group meet- 
ings can be held and where members of 
the staff can have facilities when in 
Washington on institute business. 





Three Pennsylvania 
Old Timers Consolidate 


Merger of Freedom Oil Company, 
Valvoline Oil Company and Galena Oil 
Corporation into the Freedom-Valvo- 
line Oil Company became effective Jan- 
uary 1. The consolidation brings to- 
gether the three oldest independent 
refiners of Pennsylvania lubricating oils. 

Headquarters will be maintained at 
Freedom, Pennsylvania, and ‘at Cincin- 
nati. Refining plants are at Freedom and 
at Butler, Pennsylvania. 

Officials of the new company are Wil- 
liam G. Bechman, chairman of the 
board; Gus P. Doll, vice chairman of 
the board and executive vice president; 
Earle M. Craig, president; C. J. Le- 
roux, vice president in charge of sales; 
B. L. Heath, vice president in charge of 
manufacturing, and C. Lloyd Archer, 
secretary-treasurer. 


National and Mid-West 
Companies Affiliate 


An affiliation between National Refin- 
ing Company, Cleveland, and Mid-West 
Refineries, Inc., Graad Rapids, Michi- 
gan, became effective January 2. All 
functions of the two companies will be 
correlated to gain mutual benefits of 
closely allied management but each com- 
pany will maintain its present status of 
separate operation. Purchase of a con- 
trolling interest in National Refining 
Company was completed in December 
by Wallace Gilroy, chairman of the 
board of Mid-West Refineries. 

A modern catalytic cracking unit will 
be added to one of the plants of the af- 
filiated companies. Mid-West has plants 
at Grand Rapids and Alma, while the 
National plant is at Findlay, Ohio. 


George R. Christie 
Heads Asphalt Institute 


Officers of The Asphalt Institute 
were elected for 1946 at a recent meet- 
ing of the board of directors, in New 
York. George R. Christie of Socony- 
Vacuum Oil Company, was chosen 


G. R. CHRISTIE 
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to RED LEAD’S Extra Rust Protection... 


There is no question about Red Lead’s ac- 
ceptance throughout industry as the stand- 
ard priming paint for making metal LAST. 


One important reason is its ability to 
keep metal surfaces in a “passive” or rust- 
inhibiting state. Authorities agree that 
metal protective paint should be rust-in- 
hibitive to give satisfactory performance. 


Time-potential curves, such as the one 
at right, are used to express rust-inhibitive 
properties of paint and thus indicate its 
effectiveness of protection. They show the 
effect of Red Lead on the potential of steel 
in the presence of moisture or water. 


For example, a steel panel whose poten- 
tial is positive, relative to hydrogen, is 
considered to be in a passive or non-cor- 
roding state. A negative potential indi- 
cates corrosion activity or rusting. The 
graph shows clearly the rust-inhibitive ef- 
fect of Red Lead paint on steel as con- 
trasted with the rapid and continuous rust- 
ing of unpainted steel. 

Note that in this test a Red Lead paint 
film which had weathered 5 years was just 


as effective in preventing rust as one which 
had dried for only 10 days. 


Specify RED LEAD for All Metal Protective Paints 


The value of Red Lead as a rust preventive 
is most fully realized in a paint where it 
is the only pigment used. However, its 
rust-resistant properties are so pronounced 
that it also improves any multiple pigment 
paint. No matter what price you pay, 
you'll get a better metal paint if it con- 
tains Red Lead, 
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HYDROGEN REFERENCE 
Negative Potential - Positive Potential 





RED LEAD PANEL AFTER 5 YEARS’ EXPOSURE - 


RED LEAD PANEL 10 DAYS OLD 


BARE STEEL PLATE 





10 20 30 40 50 60 70 80 90 100 110 120 130 140 
TIME IN HOURS UNDER POTENTIAL MEASUREMENT TEST 








In the above test a piece of unpainted steel 
was immersed in water. Iron, going into 
solution, reacted with oxygen in the water 
to form rust. This unrestrained corroding 
state is indicated by a rapidly developed 
and maintained negative potential (see 
above graph). However, when steel panels 
painted with Red Lead were immersed un- 





*Proof That Red Lead Keeps Metal Passive 


der the same conditions, ferric and lead 
salts formed directly next to the metal. 
This action at once stifled corrosion by 
preventing the iron from going into solu- 
tion, thus keeping the steel surface passive. 
The result is shown in the graph curves 
above, where a quickly rising positive po- 
tential remains constant throughout the test. 





Write for New Booklet—“Red Lead in Corrosion 
Resistant Paints” is an up-to-date, authorita- 
tive guide for those responsible for specifying 
and formulating paint for structural iron and 
steel. It describes in detail the scientific rea- 
sons why Red Lead gives superior protection. 
It also includes typical specification formulas 
... ranging from Red Lead—Linseed Oil paints 
to Red Lead—Mixed Pigment—Varnish types. 
If you haven’t received your copy, address 
nearest branch listed at right. 


All types of metal-protective paints are con- 
stantly being tested under all conditions at 
National Lead’s r--ny proving grounds. The 
benefit of our extensive experience with Red 


Lead pant for both underwater and at- 
mospheric use is available through our 
technical staff. 


NATIONAL LEAD COMPANY: New York 
6, Buffalo 3, Chicaco 80, Cincinnati 3, Cleve- 
land 13, St. Louis 1, San Francisco 10, Bos- 
ton 6 (National-Boston Lead Co.); Pitts- 
burgh 30 (National Lead & Oil Co, of 
Penna.) ; Philadelphia 7 (John T. Lewis & 
Bros. Co.); Charleston 25, W. Va. (Evans 
Lead Division). 


DUTCH BOY 
RED LEAD 
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president and chairman of the executive 
committee. 

Five vice presidents elected with their 
respective divisional jurisdiction, were 
as follows: Atlantic-Gulf, F. R. Field, 
Standard Oil Company of New Jersey; 
Ohio-Great Lakes, D. H. Jenks, Jr., 
Ashland Oil & Refining Company; Mid- 
West, Burrill Ennis, Derby Oil Com- 
pany; Southwest, V. R. Black, Ander- 
son-Prichard Oil Corporation; Pacific 
Coast, W. G. Julier, General Petroleum 
Corporation. 

Bernard E. Gray was re-elected gen- 
eral manager-chief engineer, and Her- 
bert Spencer, secretary. F. V. Widger, 
Witco Chemical Company, was elected 
treasurer. 


R. P. Russell Receives 
AIC Gold Medal 


Robert P. Russell, president of Stand- 
ard Oil Development Company, has 
been named to receive the 1946 gold 


medal of the American Institute of 
Chemists. The medal is awarded an- 
nually “for noteworthy and outstanding 


service to the science of chemistry or 
the profession of chemist in Amefica.” 
Presentation will be at the annual meet- 
ing of the institute at New York in 
May. 

Russell’s selection was announced in 
a letter from Dr. Gustav Egloff, presi- 
dent of the institute, in which he said: 
“Unanimous decision of the committee 
to bestow this honor upon you was made 
in recognition of your genius not alone 
as a chemist and chemical engineer but 
as an administrator. Your deep interest 
in the chemist and the chemical engi- 
neer and their profession is outstanding. 
Your contributions to the petroleum in- 
dustry and the war effort are well and 
widely recognized.” 

During the war Russell supervised 
groups in Standard Oil Development 


Sompany which, in addition to develop- 
processes 


ment and advancement of 





M. L. MAYFIELD 









R. P. RUSSELL 


within the petroleum industry as such, 
worked with the armed forces in devel- 
opment of an effective smoke screen, 
incendiary bomb, and improved flame 
throwers. 

Russell attended Clark University in 
his home town of Worcester, Massa- 
chusetts, before serving with the Marines 
in World War I. After that war he 
studied at Massachusetts Institute of 
Technology, where he continued as as- 
sistant director of the research labora- 
tory and as assistant professor of chemi- 
cal engineering after receiving his mas- 
ter’s degree in 1923. He joined Standard 
Oil Company of New Jersey in 1927 
and became president of Standard Oil 
Development Company in 1944. 


Mayfield Opens Office 


As Engineering Consultant 

M. L. (Verne) Mayfield has opened 
offices in the Mellie Esperson Building, 
Houston, as a consulting engineer. Nat- 
ural-gasoline, natural-gas and cycling- 
plant operations will have his attention. 
Until January 1, he was technical ad- 
visor for the Natural Gas and Natural 
Gasoline Advisory Committee, with 
headquarters in Houston. Previously he 
had served as assistant director of the 
Natural Gas-Natural Gasoline division, 
PAW, District 3. In this capacity he 
was responsible for the approval of 
natural-gasoline and cycling-plant con- 
struction in Alabama, Arkansas, Louisi- 
ana, Mississippi, New Mexico and Texas. 

Mayfield is a graduate of the Univer- 
sity of Oklahoma,’ 1931, in mechanical 
engineering. After doing graduate work, 
he was with Cities Service Oil Company 
from 1934 until 1941. With the setting 
up of the staff to operate the Cotton 
Valley cycling plant, Webster Parish, 
Louisiana, in 1941, he became chief pe- 
troleum engineer of the operating com- 
mittee. 

Recently he assisted the gas conser- 
vation engineering committee of the 
Texas Railroad Commission in its study 
of production, disposition and conserva- 
tion of gas from oil wells. He will be a 
witness before the Federal Power Com- 
mission at its hearing in. Houston, 
January 28. 














Dunn Elected President 


Shamrock Corporation 

~ J. H. Dunn has been elected president 
of Shamrock Oil & Gas Corporation, 
Amarillo, following resignation of H. C. 
Fownes, II, Pittsburgh. Dunn has been 
vice president of the corporation, which 
he joined in 1938 as general manager. 
He is president of Natural Gasoline As- 
sociation of America. 

Dunn entered the petroleum industry 
in 1926, when he went with Lone Star 
Gas Company, following his graduation 
from Texas A. & M. College. 

Ray C. Johnson, Amarillo, was elected 
secretary-treasurer of the company and 
will continue as general.counsel and a 
director. Other directors elected at the 
annual meeting are Laurence M. Marks, 
New York; Frank R. Benton, Pitts- 
burgh; Ross D. Rogers, Amarillo. They 
replaced J. C. Fownes, II, William C. 
Fownes, Jr., and Thomas ‘Morrison. 


Hawley and Taylor Get 
Higher Pests with Ethyl 


The appointment of Charles D. Haw- 
ley as assistant to the general manager 
of Ethyl Corporation research labora- 
toriés at Detroit has been announced. 
John B. Taylor, Jr., has been named to 
succeed Hawley as assistant director of 
enginering research. 

Both appointments, as well as this of 
Earl Bartholomew as general manager 
of research laboratories, John  B. 
Macauley as director of engineering re- 
search, and Robert V. Kerley as director 
of aeronautical research announced re- 
cently, are part of a reorganization plan 
designed to increase the effectiveness 
of Ethyl’s research laboratories in their 
postwar cooperative research with the 
petroleum and automotive industries. 

After graduation from Oregon State 
College, Hawley taught mechanical en- 
gineering at Harvard before joining 
Ethyl. Corporation in 1927 as an engi- 
neer in the Yonkers, New York, labora- 
tories. When the laboratories were 


moved to Detroit a year later he became 

assistant 

search. 
Taylor became associated with Ethyt 


director of engineering re- 





C. D. HAWLEY 
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WATER-STEAM MIXING VALVE 
ENGINEERED DESIGN BY HAMMEL-DAHL 


Automatically controlled for safety, the HAMMEL-DAHL Water-Steam 
Mixing Valve is ideal for industrial processing and washing . . . in chemi- 
cal plants . . . in laundries... . in bottling plants . . . and wherever hot 
water is required . ... for washroom and shower installations where con- 
tinuous, full flow is required. Its pressure rating is 250 p.s.i. at 400°F. 
It is exceedingly compact... 84” x 6%” x 5” and designed for 1” piping, 
but the valve is available in larger sizes where greater flow of hot water 
is demanded. - 


Consult Hammel-Dahl Engineers Regarding Your Individual Problems 








24 RICHMOND STREET—PROVIDENCE 3, 


water’ with 
It provides hot or Wat the lowest 


. 


LOS ANGELES © SAN FRANCISCO © PORTLAND, OREGON © WILMINGTON, DEL. © NEW YORK © CHICAGO 
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J. B. TAYLOR, JR. 


Corporation 15 years ago as an engineer 
with the Baltimore division and since 
1939 has been a member of the staff of 
the engineering research laboratories. 


American Chemical Society 
Names Four Councilors 


Four leaders in chemistry and chemi- 
cal engineering have been elected coun- 
cilors-at-large of the American Chemical 
Society. Those named for three-year 
terms to the council, the society’s ad- 
visory body on policy and general man- 
agement, are: 

Dr. Robert E. 
the board of Standard Oil 


Wilson, chairman of 
Company 


(Indiana); Dr. Lawrence W. Bass, 
director of chemical research of Air 
Reduction Company, and director of 


research and development of United 
States Industrial Chemicals, Inc.; Dr. 
Ralph L. Shriner, chairman of the chem- 
istry department of Indiana University; 
and Dr. Hobart W. Willard, professor 
of chemistry in the University of 
Michigan. 


a 


H. G. VESPER i 


R. A. HALLORAN 


Mann General Manager 
Of Lake Charles Refinery 


Louis D. Mann has been named vice 
president and general manager of Cities 
Service Refining Corporation at Lake 
Charles, Louisiana, where he succeds 
William W. Lowe. 

Mann has been with the Cities Service 
organization since 1917. Starting as a 
chemist, following graduation from 
Union College, he advanced through 
being superintendent of plants in the 
Mid-Continent to general superintendent 
of refineries in 1936. During the war 
period he supervised construction and 
operation of Maumelle Ordnance Works 
at Little Rock, Arkansas. 

Lowe is moving to New York to 
join the staff of Petroleum Avisers, 
Inc., a Cities Service management and 
technical group, G. L. Mateer, general 
superintendent at Lake Charles, also 
goes to New York as technical director 
of manufacturing with Petroleum Ad- 
visers. 


Vesper Elected President 
California Research 


Howard G. Vesper has been elected 
president of California Research Cor- 
poration, to succeed Ralph A. Halloran, 
retired. Alois Kresmer leaves his post 
as vice president of California Research 
Corporation to become personal adviser 
on research matters to R. G. Follis, 
president of Standard Oil Company of 
California. L. P. Elliott, formerly assist- 
ant director of the Richmond labora- 
tories, has taken over Kresmer’s duties 
as vice president, and A. L. Lyman, who 
has been in charge of the laboratory at 
Richmond, becomes director of all labo- 
ratories. Following these shifts, the 
management roster of California Re- 
search Corporation is: Follis, chairman; 
Vesper, president; L. N. Adams, W. N. 
Davis, Elliott, Lyman and W. H. 
Shiffler, vice presidents; Stanley Sharp, 
assistant vice president; O. S. Loud, sec- 
retary, and H. D. Armstrong, treasurer. 

These changes, Follis said in a state- 
ment, “are in line with our increasing 
emphasis on research. More than ever 
we intend to develop research to pro- 
vide new products from petroleum and 
to extend our markets. Our plans call 
for a $2,000,000 expansion of laboratory 
facilities at Richmond and El Segundo 
.. . California research has a staff of 
more than 600, including many scientists 
outstanding in petroleum chemistry and 
allied fields.” 

Vesper was an honor student at Cali- 





ALOIS KREMSER 











LOUIS D. MANN 


fornia Institute of Technology where he 
received a B. S. degree in chemical en- 
gineering in 1922. Following graduation 
he went to work in the still-cleaning 
gang at El Segundo refinery, soon was 
shifted to the experimental laboratory, 
and advanced to foreman in the research 
and development department before be- 
ing transferred to San Francisco in 1931. 
His next work was as a staff assistant 
and then general assistant in research 
and development, specializing in new 
products. His ability to combine tech- 
nical knowledge and selling brought 
about his transfer to the sales depart- 
ment and he went to New York as tech- 
nical salesman. Returning to San Fran- 
cisco, for a period he was attached to 
the manufacturing department, and then 
transferred to the sales department. 
Since 1942 he has been manager of the 
marketing department’s gasoline and 
fuel oil division. He is a member of 
American Chemical Society and Society 
of Automotive Engineers. 

Hailoran started as a chemist at Rich- 
mond refinery shortly after graduation 
from University of California in 1906. 
After seven years he was assigned to 
the producing department for four years, 
after which he went to El Segundo re- 
finery where he was in charge of expe- 
rimental cracking plants. In 1920 he be- 
came manager of development, from 
which start he directed the company’s 
constantly expanding research program. 
He became president of California Re- 
search Corporation when that subsidiary 
was organized in 1944, 

During the recent war period, Hallo- 
ran was on the board of directors of the 
Cooperative Research: Council; advisory 
committee on lubricants of PAW, and a 
member of the technical advisory com- 
mittee of PIWC. He also acted as a 
consultant for WPB on the industrial 
research and development referee board. 
During the first world war he was as- 
sistant fuel administrator for the Pacific 
Coast. He is a member of American 
Chemical Society, American Society of 
Mechanical Engineers, Electro-Chemical 
Society and American Society for the 
Advancement of Science. 

Kresmer, who holds an M. S. degree 
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POSITION OPEN 





on Editorial Staff 


The PETROLEUM REFINER 


In connection with plans for expanded editorial 
content. The Petroleum Refiner has an opening on its 


staff for a refinery plant visitation” editor. 


Duties of this member of our staff will be to visit 
refining plants, and after consulting with the proper 
refinery authorities, write articles dealing with spe- 
cial construction or operating ideas which improve 
efficiency of plant operation; to write articles on the 
construction of new plants in the U.S.A. and abroad, 
and to write, with proper authorization, such other 
articles of special interest to refining plant operating 


personnel, as may be advisable. 


Qualifications for this position should be engi- 
neering training, chemical or mechanical, actual 


experience in refinery operations and a desire to 


write. 


Preference will be given applications from men 


returning from the armed forces. 


Letters of application should be addressed to 
Editor, The Petroleum Refiner, P. O. Box 2608, 


Houston, Texas, and should give age, education, 


experience, and salary desired. 
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from the University of Vienna, joined 
Standard Oil Company of California in 
1922 as an engineer. He transferred to 
research work three years later and has 
been a research executive since 1926. 
Both Lyman and Elliott started with 
the company in 1924. Lyman was gradu- 
ated in chemistry from University of Cal- 
ifornia in 1923, while Elliott received an 
M.S. in chemical engineering in 1924 at 
Massachusetts Institute of Technology. 


Abrams Replaces Gallagher 
As Jersey Board Chairman 


Frank W. Abrams has been elected 
chairman of the board of directors of 
Standard Oil Company (New Jersey), 
to succeed, in that position, Ralph 4 
Gallagher who resigned as chairman of 
the board and of the executive com- 
mittee after spending all of his 49-year 
business career with the company and 
its affiliates. Eugene Holman, president, 
continues as chief executive officer, and 
succeeds Gallagher as chairman of the 
executive committee. John R. Suman, a 
vice president and director, was made 
a member of the executive committee. 
R. T. Haslam, a director since 1942, 
was made a vice president, and S. P. 
Coleman, head of the economics and 
coordination department, was elected a 
director. 

Abrams’ first job with the company 
was as draftsman at Eagle Works, Jer- 
sey City, in 1912, after graduation at 
Syracuse University. In 1914 he was 
appointed assistant superintendent, and 
three years later superintendent at Eagle 
Works. He was named head of all 
refining operations of the company in 
the New Jersey area in 1926, and presi- 
dent of Standard Oil Company of New 
Jersey in 1933. He was elected to the 
parent company’s board in 1944 and 
became a vice president in 1944. 

Haslam has been with the company 
since 1927, serving as director of re- 
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sotved ty WILSON 


ECT AIR MOTOR 


Negotiating a curve is one of the toughest 
jobs for tube cleaners. Naturally, a small 
diameter motor can‘“‘take the curves" easier 
than a larger one — but in building motors 
for curved tubes, power has often been sac- 
rificed for small diameter. 


Wilson Engineers tackled this important problem and after years 
of research, developed the ECT Series Air Motor, combining small 
size with greater power. Size-for-size, the ECT Series Air Motor 
has often developed up to 40% more power than ordinary 
motors. 


Its six-bladed, light-bladed construction, together with exclusive 
automatic valving of operating air, gives you these advantages: 


Higher torque at any speed because six-blades produce a smoother flow of 
power . .. 12 powerful impulses per revolution. 


Less air consumption with a minimum of back pressure, is obtained from 
éutomatic valving of operating air. 


Positive starting—Six-blades eliminate the dead center . . . hard to stall. 


Less downtime because up to 40% extra power helps you get your tube 
cleaning jobs done faster, more thoroughly with consequent savings in 
labor and lost production time. 


Send for additional information on Wilson ECT Series 
Air Motors . . . or for the name of the Wilson repre- 


sentative nearest you. Address department I 
TW-702 
THOMAS C. WILSON, INC. 
21-11 44th Ave., Long Island City 1, N. Y. 


® 
A | iN 


speci ight-weight blade: 
Diagram shows features of Wilson ECT Series Aijr t if U 3) E C L E A . N a of 4 
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A SIMPLE, EASY-TO-HANDLE, 
MODERATELY PRICED, 
ORIFICE UNION. 

Ideal for flow control of Steam, 
Oil, Ammonia, Water, Gas and 
Air. Also for metering and mea- 
suring. 600 lbs. S. W. P. or 2000 
Ibs. C. W. P. The ORIFICE 
plate is furnished in cold rolled 
18-8 stainless steel. ORIFICE 
plate and gaskets are set in a 
groove of solid steel to safeguard 
against blowing of gaskets and 
resultant trouble. The ORI- 
FICE union has extra heavy 
ends and nut with the nut 
threads permanently lubricated. 


SIZES 4" TO 3” 


AMERICA'S 
MOST UNIVERSALLY 
USED UNION 
PETRO unions have in- 
tegral steel to steel seats. 
Made to A. A. R. design. 
600 Ibs. S. W. P.-2000 lbs. 
C. W. P. Extra heavy ends 
and nut with nut threads 
that are permanently lub- 
ricated. The seats are ma- 

chined and cold rolled. 


A PARTIAL LIST OF 
PROVEN SERVICES 


Pressures from a vacuum 
to 3000 lbs.: Temperatures 
from 100° below zero F. to 
1000° above zero F.: On 
Steam, Gas, Air, Oil, Gaso- 
line, Ammonia, Chemicals, 
and any service in which 
Steel or Wrought Iron Pipe 
is Used. 
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search and later as general sales man- 


ager beforebeing elected director in 1942. 


Coleman has been associated with the 
company in research, refining and eco- 
nomics for more than 25 years. 

Gallagher went to work at the age of 
16 as an oiler in the pump station of 
New York Transit Company at Olean, 
New York, and studied engineering at 
night. At i9 he went with East Ohio 
Gas Company, two years later was an 
assistant superintendent, and in 1926 
had advanced to president of that com- 
pany. He was elected a director of 
Standard Oil Company (New Jersey) 
in 1933, became a vice president in 1937, 
and chairman of the board in 1942. As 
a director, and later as chairman, he 
gave major attention- to the financial 
programs of the company, and to the 
evolution of programs encouraging the 
development, advancement and security 
of employes of the company and its 
affiliates. 


Moss Named Director API 
Transportation Division 


James E. Moss has been appointed 
director of the newly-created Division 
of Transportation of the American Pe- 
troleum Institute. Offices of the division 
will be in Washington. 

Moss for many years was operations 
manager of the marine department of 
The Atlantic Refining Company, Phila- 
delphia, and was active on the Institute’s 
committee on rules for tank vessels. 
When the United States Coast Guard 
initiated its intensified program of safe- 
guarding vessels and ports in May, 1942, 
he was drafted as its consultant on tank- 
ers. In August of the same year the 
program had grown to such proportions 
that he was given a leave of absence by 
the company and devoted all his effort 
to the Coast Guard. In addition, he was 
a member of the War Labor Board 
panel on tankers. 


CLAYTON MARK & COMPANY 


ILLINOIS 





1900 DEMPSTER STREET + EVANSTON, JAMES E. MOSS 
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THE Mi. W. Kerroee Company 


Subsidiary: THE KELLEX CORPORATION 


NEW YORK, N. Y. * JERSEY CITY, N. J. * LOS ANGELES, CAL. * TULSA, OKLA. * HOUSTON, TEXAS ¢ LONDON, ENG. 














DIGEST OF 


UNITED 


Compiled by HEINZ HEINEMANN 


STATES PATENTS 


On Hydrogenation of Hydrocarbons and Carbon Monoxide* 











U.S.P. 2,345,957. Process for the Produc- 
tion of Hydrocarbons. G. Wirth and 
H. Laudenklos to The Alien Property 
Custodian. 


In a process to convert hydrogen and 
carbon monoxide to hydrocarbons, the 
reacting gases are passed very rapidly 
through the reaction zone which is ex- 
ternally cooled: The major part of the 
_ products leaving the reaction zone is 

recycled after adding about 4% to % the 
amount of fresh charge stock. The re- 
cycle stock is not cooled but enters the 
reaction zone at approximately the tem- 
perature of the outlet. An amount cor- 
responding to the fresh charge is with- 
drawn from the outlet for recovery of 
desired products. 


U.S.P. 2,350,828. Conversion of Hydro- 


carbons. L. Schmerling and A. M. 
Durinski to Universal Oil Products 
Company. 


The invention comprises a process for 
the destructive hydrogenation of heavy 
hydrocarbonaceous materials to produce 
fractions of lower boiling range by heat- 
ing the hydrocarbonaceous material un- 
der hydrogen pressure in the presence of 
alumina and hydrogen halides. Tempera- 
tures of 200-600° C., an initial hydrogen 
pressure of not more than 100 atmos- 
pheres and an amount of hydrogen halide 
of from 0.5—50 weight percent of the 
alumina are employed. 


U.S.P. 2,354,540. Process for the Pro- 
duction of Physiologically Inert Oils. 
E. B. Peck to Standard Catalytic 
Company. 

A catalyst which consists of an alloy 
of nickel containing 10 percent of cobalt 
produced by first alloying with alumi- 
num and subsequently dissolving out the 
aluminum by treatment with caustic, 
produces when utilized in the hydro- 
genation of carbon monoxide, a product 
about 40 percent of which boils above 
400° F. and which is free from aromatic 
hydrocarbons. Hydrogen and carbon 
monoxide are passed over the catalyst in 
a 2:1 ratio at 360-500° F. and at 1-20 
atmospheric pressure. 


U.S.P. 2,357,894. Hydrogenation of Car- 
bon Oxides. C. E. Hemminger to 
Standard Catalytic Company. 

The hydrogenation of carbon oxides is 
carried out in the presence of a sus- 
pended powdered catalyst. In order to 
control the catalyst concentration and 
maintain the temperature of reaction 
within the desired critical temperature 
range, the reaction gases are passed 
through a reaction zone, the area of 
which becomes progressively smaller in 
the direction of flow of the reacting 
gases in a manner to compensate for the 
decreased volume of gases and to adjust 





* Coreferences: 
Refiner, 23, 
Refiner, 23, 


1, 164. 
7, 172. 


Refiner, 23, 11, 182. 
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the ratio of catalyst per volume of un- 
reacted gas to the desired figure. 


U.S.P. 2,351,248. Production of Hydro- 
carbons. G. Wirth, F. Sabel and H. 
Laudenklos to the Alien Property 
Custodian. 

Carbon monoxide and hydrogen are 
reacted in a plurality of consecutive re- 
action vessels and liquid hydrocarbons 
formed are removed from each vessel. 
Essentially the same throughput is main- 
tained in all reaction vessels. It ranges 
from 200-600 cubic meters of gas per 
cubic meter of catalyst per hour. 


U.S.P. 2,358,234. Hydrogenation Process. 
W. A. Lazier to E. I. du Pont de 
Nemours & Company. 

The hydrogenation of organic com- 
pounds is carried out in the presence of a 
catalyst which is precipitated by adding 
to a solution of equimolecular amounts 
of zinc nitrate and copper nitrate an ex- 
cess of ammonia. 100 grams kieselguhr 
per mol of metallic salts is added and 
the mass heated to 80° C. Ammonia is 
discharged by air blowing and the pre- 
cipitate is washed, filtered and dried. 


U.S.P. 2,358,879. Destructive Hydrogen- 
ation. A. K. Redcay to Standard Oil 
Company of California. — 

Catalysts consisting essentially of a 
metal of the iron group deposited upon 
a normally solid siliceous material which 
promotes cracking are especially effec- 
tive for the destructive hydrogenation of 
hydrocarbon oils having a low sulfur 
content in the presence of substantial 
quantities of methane. The use of pres- 
sures as high as 800 or 1000 atmospheres 
is beneficial. Methane should constitute 
about 40-85 percent of the mixture. A 
reaction temperature of 500-1000° F. is 
employed. 


U.S.P. 2,359,759. Purification and Pro- 
duction of Olefins. G. M. Hebbard and 
W. Hunt to The Dow Chemical Com- 
pany. 

In a method for producing olefins, the 
step of passing a cracked oil-gas mixture 
comprising as its major ingredient at 
least one olefin and also containing an 
acetylene and more than one mole of 
hydrogen per mole of acetylene through 
a bed of a durable hydrogenation cata- 
lyst at a reaction temperature sufficient 
to cause hydrogenation of the acetylene 
but below 450° C. and at a rate of gas 
flow sufficient to prevent a more than 
300° C. rise in the temperature of the 
gas during its passage through the cata- 
lyst bed, whereby the acetylene is hydro- 
genated to form an olefin and the olefin 
content of the gas is increased. 


U.S.P. 2,360,555. Preparation of Cyclic 
Mono-Olefins. Th. W. Evans, R. C. 
Morris and E. C. Shokal to Shell De- 
velopment Company. 

A cyclic di-olefins is hydrogenated to 

a cyclic mono-olefin (cyclopentadiene to 





cyclopentene) by carrying out the hy- 
drogenation in liquid phase in the pres- 
ence of a pyrophoric nickel metal catalyst 
under moderate pressure (2-5 atmos- 
pheres) at relatively low temperatures 
(0-40° C.) with substantially less than 
thé stoichiometrical amount of hydrogen 
required for quantitative hydrogenation. 
(65-85 percent of the hydrogen required). 


U.S.P. 2,360,622. Method of Producing 
Aviation Gasoline. B. E. Roetheli to 
Standard Oil Development Company. 
Light gasoil is subjected to a destruc- 

tive hydrogenation to form an aviation 
gasoline component. Tungsten - sulfide, 
iron sulfuide, or molybdenum sulfide 
supported on activated alumina or clay 
are used as hydrogenation catalysts at 
700° F. under 150-1000 atmospheres 
pressure. 6000-200,000 cubic feet of hy- 
drogen per barrel of oil are charged. 


U.S.P. 2,360,787. Chemical Process. W. 
V. Murphree, C. W. Tyson, D. L. 
Campbell and H. Z. Martin to Stand- 
ard Catalytic Company. 

A continuous process for the prepara- 
tion of valuable organic products by the 
reduction of carbon monoxide with hy- 
drogen comprising passing a confined 
stream of gas through an extended path 
including a reaction zone, imposing a 
pressure on the said stream at least suf- 
ficient to overcome the resistance of said 
path to the flow of said gas under ob- 
taining conditions, maintaining a vertical 
column of finely divided solid catalytic 
material in a catalyst supply chamber, 
supplying a gaseous fluidizing medium 
into the catalyst at least in one portion 
of said column in an amount sufficient 
to maintain therein a mixture of said 
gaseous medium in said finely divided 
solid catalytic material in freely flowing 
state throughout the full length of said 
column but small compared to the first- 
mentioned gaseous stream, passing the 
catalyst-fluidizing gas mixture from the 
bottom of said column into said stream 
to form a suspension of said catalytic 
material in said first-mentioned gas 
stream, said column having a height 
which will produce a fluid pressure head 
over the bottom of said column at least 
equal to the pressure on said first-mer- 
tioned gas and sufficient to cause a cor.- 
tinuous flow of said suspension at least 
through said reaction zone, and passing 
said suspension of said catalytic material 
through said reaction zone together with 
any additional reactant gases required 
for the reaction. 


U.S.P. 2,361,997. Production of Organic 
Compounds. H. Dreyfus to Celanese 
Corporation of America. 

The production of hydrocarbons by 
reacting carbon monoxide and hydrogen 
is effected by introducing the reactant 
gases into a reaction medium prepared 
by dissolving in an organic liquid inert 
to the reactants and reaction products a 
salt of a metal catalytically active in the 
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ONLY G-R BUILDS 
THIS WIDE VARIETY 
OF HEAT TRANSFER 


7 APPARATUS 
a . 
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the most widely applicable 
heat transfer surface 


Here's a fact of significance to all users of heai transfer appa- 
ratus...G-Fin elements are applicable to every type of unit. 
































The list would be almost endless . . . it includes heaters, coolers, 
condensers, heat exchangers; the range covers small twin sec- 
tions to enormous alkylation contactor bundles; and the fluids 
handled include practically every liquid, vapor and gas, clean 
or dirty, light or heavy, at pressures up to 2000 Ib. and at tem- 
peratures well over 1000°F. 


There are many reasons for the wide adaptability of G-Fin 
elements. This patented design of heat transfer surface is far 
more effective than bare tubes for transfer of heat to or from 
fluids of high viscosity or low heat conductivity . . . it can be Terre 
used in standard, interchangeable units that form installations IWAN 
of flexible capacity . . . it provides fluid passages of uniform LMA) \\) 
cross-sectional area and high velocity to prevent clogging . . . + AANWAWN| HAN 
and the units in which it is used can be made _ particularly Wi | \\ 
sturdy, convenient to handle, and with minimum maintenance. [re NINA 

















Write for bulletins describing the application of G-Fin elements 
to services in which you are interested. 


285 Madison Ave., New York 17, N. Y. 
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Buell Engineering Co-, Inc» 
70 Street 
New York 5, New York 
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Gentlemen: . 
pleasure to answer the recent ogee ——. yo 

= te Department checking upon the cae 

ee of the Buell Dust Recovery Systems 
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4n our three plants. 
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been in service on t 
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ir installation, tion 
Since the time of the ,. Their collec 
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for which they were installed. 







Yours very truly 











er Plant Engineer 
COMATSS-WRIGHT CORPORATION 


Plant #2 






* BUELL DUST RECOVERY SYSTEMS are used through- 
=" out industry in the collection or reclamation of many 
kinds of dust, in numerous production and process 
operations. Hundreds of satisfied industrial users will 
attest to Buell’s—“High Efficiency, Low Maintenance, 
Long Life.” 


Write for Buell’s new, revised book ‘The Buell {van Tongeren} 
System of Industrial Dust Recovery” now in its fourth printing. 





DUST RECOVERY 
SYSTEMS 


BUELL ENGINEERING COMPANY, INC. 
Suite 5000, 6 Cedar Street, New York 5, N. Y. 
Sales Representatives in Principal Cities 
DESIGNED TO DO A JOB, NOT JUST TO MEET A “SPEC” 
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process ana distilling products from the 
reaction medium as they are formed. 
Salts of nickel, cobalt and iron are suit- 
ably employed in quantities of 1 to 2 
percent by weight of the reaction me- 
dium and the reaction is carried out at 
180-200° C. &@nd under less than 5 atm. 
pressure. 


U.S.P. 2,363,739. Production of Hydro- 
carbons. K. Meisenheimer and A. 
Scheuermann to The Alien Property 
Custodian. 


Carbon monoxide and hydrogen are 
converted to hydrocarbons at less than 
20 atmospheres pressure and at 180-230° 
C. with a catalyst containing cobalt and 
a substantial amount (not exceeding 8 
percent of the cobalt present) of a sub- 
stance consisting of silver and its com- 
pounds. Before use, the catalyst is sub- 
jected to treatment with a reducing gas 
at 180-230° C. in the vessel employed for 
the catalytic reaction. 



















































U.S.P. 2,364,719. Hydrogenated Liquid 
Hydrocarbons. R. L. Jenkins to Mon- 
santo Chemical Company. 

In the commercial preparation of bi- 
phenyl by the pyrolisis of benzene, solid 
hydrocarbons boiling above 370° C. are 
obtained as a by-product. Hydrogenation 
of this product over nickel or noble 
metal catalysts gives an odorless liquid 
product suitable as a lubricant. 


U.S.P. 2,365,029. Refining Mineral Oil. 
A. Voorhies, Jr., to Standard Catalytic 
Company. 

A combined destructive hydrogenation 
and hydrocarbon synthesis process is de- 
scribed. The hydrocarbon oil is charged 
along with 0.3-0.5 mol weights of carbon 
monoxide and 1.2-2.5 mol weights of hy- 
drogen to a metallic iron group catalyst. 
The reaction is carried out at 500-800° 
F. and under 100-3000 psi pressure. The 
catalyst may be supported on a siliceous 
carrier. 


U.S.P. 2,365,094. Process for the Con- 
version of Carbon Monoxide with 
Hydrogen into Hydrocarbons. W. 
Michael and A. Buettner to The Alien 
Property Custodian. 

The conversion of carbon monoxide 
with hydrogen may be advantageously 
carried out in the presence of iron cata- 
lysts prepared by treating compact iron 
with oxidizing gases, preferably in the 
presence of steam at such a high tem- 
perature and for such a long time that 
the iron becomes practically completely 
oxidized but without melting of the iron 
or of the iron oxide formed, and subse- 
quently reducing the iron oxide to metal 
by treatment with reducing gases. 


U.S.P. 2,365,751. Process for Hydrogen- 
ating Hydrocarbon Oils. H. E. Dren- 
nan to Phillips Petroleum Company. 
Unsaturated hydrocarbon oils are sat- 

urated by passing them in contact with 

solid hydrogenation catalysts in a static 
atmosphere of hydrogen maintained un- 
der constant pressure in such a manner 
that the hydrogen has ready access to 
the oil to be hydrogenated and that only 
a liquid oil stream is removed from the 
bottom of the chamber. The flow rate 
should be such that the oil forms thin 
flowing films around the ‘catalyst gran- 
ules without filling the voids in the cata- 
lyst bed. A catalyst of 40 percent nickel 
oxide and 60 percent alumina is suitable. 
The particle size depends on the type 



















Petroleum Refiner—V ol. 25, No. 1 













i soe we ee ee Be Be 


oOo: 


~_ 








ANACONDS. 


ADMIRALTY TUBES USED IN 


Single-pass Floating Head 


Gasoline Vapor 


Condenser 


Gasoline vapor condenser of single-pass 
floating head construction built by the 
Alberger Heater Company, Buffalo, N. Y. 
Equipped with %” O.D., .065” wall 
Anaconda Admiralty Metal Tubes. 


HE ALBERGER HEATER COMPANY, Buf- 

falo, N. Y., division of the Howard Iron 
Works, builds heat exchangers to handle vir- 
tually any two fluids. Each unit is desigi.ed 
and constructed to provide efficient heat 
transfer, and long, economical service. In the 
gasoline vapor condenser illustrated, for ex- 
ample, such results are assured by use of 
Anaconda Admiralty Tubes. 


Anaconda Heat Exchanger Tubes are pro- 
duced by The American Brass Company in 
10 standard and several special alloys. Assist- 
ance in selecting the one best suited for use 
under a given set of conditions is offered by 
our Technical Department. 


For detailed information, write for Publi- 
cation B-2, “Anaconda Tubes and Plates for 
Condensers and Heat Exchangers.” unin 


“Anaconda Pleat Exchanger lubes 
THE AMERICAN BRASS COMPANY-— General Offices: Waterbury 88, Connecticut 
Subsidiary of Anaconda Copper Mining Company * In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ont. 
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1 Check 
These Six 


Cleaning 
Short-Cuts 


Oakite degreasing materials are 
especially designed to clean faster. 
Performance-proved Oakite tech- 
niques help cut down non-produc- 
tive equipment out-of-service time. 


Try Oakite Cleaning on 
These 6 Important Jobs 


| 1. Geaning Heat Exchangers 
2. De-Scaling Diesel Engines 
| 3. Cleaning Lube Oil Coolers 


. 4. Salvaging Valves, Fittings, 
Piping 
5. Cleaning Filter Presses 
6. Cleaning Absorption 


Towers 


These six commonly-recurring 
maintenance jobs are completely de- 
scribed in a new Oakite Mainte- 
nance Digest. Here is a collection 
of 88 jobs frequently performed in 
the production, refining and market- 
} ing divisions of the petroleum in- 
: dustry. With this technical data at 
your finger tips, the chances are 
that your maintenance work can be 
speeded up . . . your equipment can 
perform with the utmost efficiency. 
Send for your FREE copy TO- 
DAY! 


a 


OAKITE PRODUCTS, INC. 
508 Thames Street, New York 6, N.Y. 
Technical Service Representatives Located in All 
Principel Cities of the United States and Conada 


















of oil, 16-20 mesh being suitable for 
gasoline and kerosine. 


U.S.P. 2,368,495. Halogenation of Satu- 
rated Hydrocarbons. J. C. Schiller to 
Standard Oil Development Company. 
Open- or closed-chain hydrocarbons 

having 4, 5 and 6 C atoms are halogen- 
ated in such a way as to favor the pro- 
duction of the dihalide by reacting the 
anhydrous hydrocarbon with an anhy- 
drous halogen at a temperature below 
45° C. in the presence of a small amount 
of a nitro-aromatic and under the influ- 
ence of light while maintaining an ex- 
cess of hydrocarbon in the reaction 
| mixture. 








U.S.P. 2,369,009. Conversion of Hydro- 
| carbons. H. S. Bloch and C. L. Thom- 
| as to Universal Oil Products Company. 
| An olefin containing hydrocarbon oil 
| boiling in the approximate range of gas- 
| oline together with a naphthenic higher- 
boiling hydrocarbon oil is subjected to 
contact with a composite catalyst com- 
prising a hydrogenation component and 
a cracking component at 500-900° F. and 
under a hydrogen pressure of approxi- 
mately 100-200 atm. to produce a gaso- 
line of low olefin content and high 
anti-knock value. 


U.S.P. 2,369,106. Process for the Hydro- 
genation of Carbon Monoxide. H. 
Heckel and O. Roden to The Alien 
Property Custodian. 

A catalyst for the hydrogenation of 
carbon monoxide at 10-20 atmospheres 
pressure is prepared by coprecipitating 
an iron compound with a calcium com- 
pound from solutions of iron and cal- 
cium salts of an acid selected from the 
group consisting of HCl and HNO,, 
using alkali hydroxide as the precipitant 
and washing the soluble matter from the 
precipitate. The amount of calcium com- 
pounds in the catalyst should range from 
10-50 weight percent. 


U.S.P. 2,369,548. Synthetic Process for 
Preparing Hydrocarbons, Particularly 
Gasoline. J. Elian to The Alien Prop- 
erty Custodian. 

Hydrocarbons are synthesized from 
water, gas and hydrogen in the presence 
of catalysts substantially composed of 
carbides and particularly higher grade 
carbides of the so-called base metals 
such as iron, nickel and cobalt. 


U.S.P. 2,371,794. Preparation of Cyclo- 
pentanone. J. H. Boyd, Jr., to Phillips 
Petroleum Company. 

A mixture of cyclopentadiene with 
cyclopentanol is passed in vapor phase 
over a_ hydrogenation- dehydrogenation 
catalyst such as copper or nickel on 
alumina, aluminum oxide, bauxite, silica, 
etc., at 160-250° C. and under a pressure 
not exceeding 5 atm. The cyclopenta- 
diene is converted to cyclopentene with 
the formation of a corresponding quan- 
tity of cyclopentanone. 


U.S.P. 2,373,501. Preparation of Cyclo- 


hexane. M. D. Peterson to E. I. du 
Pont de Nemours & Company. 
Benzene is continuously introduced 


into a reaction zone and hydrogenated in 
liquid phase by a countercurrent hydro- 
gen stream in the presence of a hydro- 
genation catalyst containing nickel and 
alumina. The reaction is initiated at ap- 
proximately 210° C. and 25 atm. and 
terminated at approximately 150° C., by 





gradually lowering the temperature from 
the inlet to the exit of the reaction zone. 


U.S.P. 2,373,626. Application of Metal 
Sulphide Catalysts. R. M. Cole to 
Shell Development Company. 

Metal sulfide catalysts, when employed 
in reactions such as hydrogenations do 
not give optimum results when applied 
in the conventional manner found most 
efficient for most other catalysts. It has 
been found that conditions are best initi- 
ally adjusted to give conversions below 
maximum conversion and that the sever- 
ity of operating ‘conditions (e.g. the 
temperature) is slowly increased over at 
least 24 hours until maximum conversion 
is obtained. 


U.S.P. 2,375,495. Catalytic Hydrogena- 
tion Process. A. S. Richardson and 
J. E. Taylor to The Procter & Gamble 
Company. 

The hydrogenation of fatty acids and 
esters to alcohols is carried out in the 
presence of a copper-containing catalyst 
and a cadmium soap at high temperature 
and pressure. 


U.S.P. 2,377,116. Hydrogenation Over 
Sulphur-Sensitive Catalysts. A. Voor- 
hies, Jr., and E. E. Stahly to Standard 
Catalytic Company. 

In the destructive hydrogenation of 
hydrocarbon oils of the type of naphthas, 
kerosines and gasoils in the presence of 
sulfur-sensitive catalysts comprising a 
minor amount of metal of the VIII 
group and a major amount of a siliceous 
cracking catalyst, the sulphiding and 
deactivation of the catalyst is avoided 
by maintaining the quantity of hydrogen 
circulated with the hydrocarbon oil at 
least equal to the value 


H=K=, 


where: H = cu. ft. of hydrogen per 
» _ barrel of oil 


K = constant 

S = weight percent sulfur in 
charge oil 

T = hydrogenation tempera- 
ture in °F. 


K equals between 0.8 + 10° and 
1.8 ¢ 10° in case of nickel catalysts at 
550-1000° F. 

U.S.P. 2,377,728. Hydrogenation of Hy- 
drocarbonaceous Materials. C. L. 
Thomas to Universal Oil Products 
Company. 

A slurry of coal in oil is passed to- 
gether with hydrogen through a bed of 
a catalyst comprising essentially a mix- 
ture of a major portion of a hydrogena- 
tion catalyst either alone or on a carrier 
with cracking catalyst composites. The 
hydrogenation component constitutes 50- 
80.percent of the total catalyst. The re- 
action is carried out at about 450° C. 
and under 2000 psi pressure. 


West Texas Refinery 


Increases Capacity 


Western Refining Company has in- 
creased the capacity of its refinery at 
Baldridge, Pecos County, West Texas, 
from 1000 to 1400 barrels -daily. The 
increase was gained by replecing old 
towers and the installation of two new 
condensers, and equipment was added 
for lead blending. This plant has op- 
erated since 1936, and has direct pipe 
lines to nearby fields. 
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to help solve your alkylation spent acid disposal problem 


General Chemical’s comprehensive background in 
the technology of sulfuric acid, plus the Company’s 
long experience in handling the chemical require- 
ments of the Petroleum Refining Industry, have 
proved invaluable when applied to solving spent 
acid disposal problems. 

Such “know how” may be helpful to you, too! 
For information, inquire of the nearest General 
Chemical Sales and Technical Service Office. At 
your service will be the resourcefulness of Amer- 
ica’s pioneer with the Contact Process by which 


most of today’s high strength acid is made. 


BASIC CHEMICALS 


AND SPECIFY THESE GENERAL CHEMICAL PRODUCTS 


SULFURIC ACID 
Standard Grade: 
66° Baume (93.19% H.SO,); 99% H,SO, 


Other Grades: 
Diamond, 66° Baume 
Crystal (low in iron) 66° Baume 


OLEUM 
15, 20, and 65% free SO, 


Alkylation: Anhydrous Hydroflvoric Acid, Sulfuric Acid 

Polymerization: Fluosulfonic Acid 

Oil Well Acidizing: Muriatic Acid 

Detergents: Sodium Metasilicate—Disodium Phosphate—Trisodium Phos- 
phate—Tetrasodium Pyrophosphate 

Treating Agents: Aluminum Chloride Solution—Aluminum Sulfate 

Mud Conditioning: Sodium Silicate—Disodium Phosphate—Trisodium Phos- 
phate—TSPP (Tetrasodium Pyrophosphate) 

Other Chemicals: Aqua Ammonia—Nitric Acid—Potassium Nitrite 


BAKER & ADAMSON REAGENTS AND FINE CHEMICALS 





GENERAL CHEMICAL COMPANY 


40 RECTOR STREET, NEW YORK 6, N. Y. 


Sales and Technical Service Offices: Atlanta * Baltimore * Boston * Bridgeport 
(Conn.) * Buffalo * Charlotte (N.C.) * Chicago * Cleveland * Denver * Detroit 
Houston * Kansas City * Los Angeles * Minneapolis * New York ¢ Philadelphia 
Pittsburgh * Providence (R. 1.) * San Francisco * Seattle * St. Louis * Utica (N.Y.) 


Wenatchee & Yakima ( Wash.) 


In Wisconsin: General Chemical Wisconsin Corporation, Milwaukee, Wis. 
in Canada: The Nichols Chemical Company, Limited e Montreal e Toronto e Vancouver 
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THE LESLIE LABORATORIES 
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cost by the Laboratories. 
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by The Leslie Laboratories. Complete or limited bibliographies 
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Fundamental Physical and Chemical Data 





Device for Determining Vapor Pres- 
sure of One Drop of Pure Liquid. S. 
NATELSON AND J. L. ZucKkerMAN. Ind. & 
Eng. Chem., Anal. Ed, 17 (1945) pp. 
739-41. 

A knowledge of the vapor pressure of 
the compound at two different tempera- 
tures is of great value in the identifica- 
tion of pure organic compounds. How- 
ever, it is not commonly determined 
because a too large quantity of material 
is usually required. A simple procedure 
is described for the determination of the 
vapor pressure of one drop of pure 
liquid. Reproducibility to within 0.5 mm 
of mercury can be easily obtained. 
The apparatus can be assembled from 
equipment normally found in any lab- 
oratory. Results of the determination 
of vapor pressure of a few common 





Chemicals Wanted 


The National Registry of Rare 
Chemicals, Armour Research Foun- 
dation, 33rd, Federal, and Dearborn 
Streets, Chicago 16, has received 
urgent requests for the chemicals 
listed below. If anyone has one or 
more, even if only one gram quanti- 
ties, please inform the registry. 
Hexaphenyl ethane. 
1,1,1,2-Tetraphenyl ethane. 
1,1,2,2-Tetraphenyl ethane. 

Methyl glyoxal. 

1,2-Dichlorethylene. 

Propyne. 

1-Butyne. 

2-Butyne. 

1-Pentyne. 

2-Pentyne. 

3-Methyl-1-butyne. 

1-Penten-4-yne, 

Methyl, dimethyl, trimethyl, or 
ethyl diphenyls. 

Methyl, dimethyl, trimethyl, or 
ethyl anthracenes. 

Methyl, dimethyl, trimethyl, or 
ethyl phenanthrenes. 

Methyl, dimethyl, trimethyl, or 

ethyl naphthalenes. 

Methyl, dimethyl, trimethyl, or 
ethyl acenaphthenes. 

Methyl, dimethyl, trimethyl, or 
ethyl fluorenes. 

Methyl, dimenthyl, trimethyl, or 
ethyl tetralins. 

1,3-Hexadiene. 











organic liquids are given and compared 
to the accepted values. 


Correlating Viscosity and Vapor Pres- 
sure of Liquids. D. F. OrHMeEr Anp J. W. 
ConweLi. Ind. & Eng. Chem. 37 (1945) 
pp. 1112-15. 


Viscosity data plot as straight lines on 
log paper against a temperature scale 
determined from the vapor pressures of 
a reference substance. A similar method 
has been used for plotting vapor pres- 
sures, vapor compositions, and other 
properties. A thermodynamic derivation 
leads to the equation 

log «= — (E/L) log P+ C 

If reduced temperatures are used, the 
correlation is even better, for it tends 
to make the lines for all liquids converge 
in a narrow range at the extrapolated 
points corresponding to the critical point. 
Fluidities, or the reciprocal of viscosities, 
can be correlated by similar plotting, 
either against the temperature scale or 
against the reduced temperature scale. 


The Determination of the Pressure- 
Viscosity Coefficient and Molecular 
Weight of Lubricating Oils by Means of 
Temperature- Viscosity Equations of 
Vogel and Eyring. A. Cameron. Jour. 
Inst. Petr. 31 (1945) pp. 401-414. 

The viscosity ne of an oil at any 
temperature t°C, can be determined from 
Vogel’s equation 


ae re) 


in which k, b, and ©: are constants for 
any oil. From a study of Erk and Eck’s 
accurate viscosity-temperature data it is 
shown that ©: can be used as equal to 95 
for almost all oils without appreciable 
error. The viscosity np at any pressure 
and at a given temperature t can be 


, expressed by the exponential law. np = ne 


exp. (@P), where no is the viscosity at 
atmospheric pressure and temperature t, 
¢ is a constant for any given oil at tem- 
perature t, and p is the pressure. The 
product A, of ¢ and (t+ 0,) is approxi- 
mately constant, when @,= 52. It has 
been found possible to obtain A in terms 
of the temperature characteristics of the 
oil. Over a small range of temperature 
it is possible to put 0, = ©, = 73. This 
gives a combined expression for npe, the 
viscosity at any pressure and tempera- 
ture. As before, A can be found in terms 
of b. M, the molecular weight of an oil, 
can be calculated from the constants in 
Vogel’s equation by means of empirical 
relations that are given. 


Solubility of Water in Alcohol-Hydro- 
carbon Mixtures. C. B. KretscHMER AND 
R. Wiese. Ind. & Eng. Chem. 37 (1945) 
pp. 1130-32. 


It has been considered that the most 
objectionable feature of alcohol-gasoline 
blends is their tendency to separate into 
two layers if water is present in excess 
of the amount in equilibrium at the par- 
ticular operating temperature. The phase 
relationship of the system ethyl alcohol- 
gasoline-water were studied. It was 
found that the solubility of water in ethyl 
alcohol-paraffin hydrocarbon blends de- 
creases with increase in molecular weight 
of the hydrocarbon; that is, the more 
volatile gasolines have a higher water 
tolerance. With the exception of distil- 
late fuels, the solubility of water in ethyl 
alcohol-hydrocarbon blends or, in gen- 
eral, in ethyl alcohol-gasoline blends is 
large enough so that if reasonable pre- 
cautions are observed, no trouble from 
water will be experienced. Experience 
has shown that this is true for blends 
containing 10 percent or more of alcohol. 
It does not seem practical to add higher 
alcohols to increase the solubility of 
water in blends, as this may be better 
accomplished by the further addition of 
ethyl alcohol. The data secured in the 
work are presented in detail in four 
tables. 





Chemical Compositions and Reactions 





The Catalytic Dehydrecyclization of 
Paraffins. H. Sterner. Jour. Amer. Chem. 
Soc. 67 (1945) pp. 2052-54. 

In the dehydrocyclization of n-heptane 
to toluene, the over-all reaction com- 
prises two steps, (1) a dehydrogenation 
of the heptane to the heptene, and (2) a 





subsequent cyclization of the olefin to 
toluene. A mathematical expression is 
presented that is useful because it allows 
calculation of the ratio of dehydrogena- 
tion to the cyclization using easily ob- 
tainable experimental data. It is believed, 
in poisoning of the catalyst used in de- 
hydrocyciization, the rate of both reac- 
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One Hundred Wartime Projects involving 153 plants 
completed by GIRDLER'S Gas Processes Division: 





CARBON DIOXIDE MANUFACTURE. 


CARBON DIOXIDE REMOVAL 


HYDROGEN MANUFACTURE 


HYDROGEN SULPHIDE REMOVAL FROM GASES 


HYDROGEN SULPHIDE REMOVAL FROM LIQUIDS 


NITROGEN MANUFACTURE 


Plants 
Plants 
Plants 
Plants 
Plants 
Plants 
Plants 
Plants 
Plants 
Plants 
Plants 


Plants 


“Proof of the pudding...” 


may be, put Girdler’s versatile, prac- 
tical experience on the job. 


Girdler offers processes for gas manu- 


Work done is the best evidence of 
ability to do. So we give you a can- 
did list of some of the projects com- 
pleted by Girdler’s GAS PROC- 
ESSES DIVISION during the war 
period. 

One hundred and fifty-three 
plants, engineered, constructed or 
supplied by Girdler for the United 
States government, for Allied na- 


WE DON'T GUESS ABOUT 


tions, and for major firms in just 
about every major industry, ranging 
from petroleum to rubber, chemi- 
cals, food, public utilities. Effec- 
tively and economically, these plants 
helped to produce many millions of 
dollars worth of the things essential 
for war and peace. 

For a dependable answer to your 
gas processes problem, whatever it 


CHEMICAL 
ENGINEERS 


GAS AND 


facture, puri ion, separation, and de- 

hydration. Consult Girdler about your 

problems concerning h sulphide, ' 
carbon monoxide, carbon dioxide, inert 

and controlled atmospheres, natural gas, 

refinery gases, liquid hydrocarbons, hy- 

drogen, nitrogen. Originators of the 

Girbotol Process. ; 


The GIRDLER CORPORAIION 


Gas Processes Division, Dept. PR-1, Louésville 1, Ky. 


New York Office .. . 150 Broadway, New York 7, N. 
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PREVENTS TUBE CLEANER TRACKING 
STOPS TUBE DAMAGE 


The operator of Airetool Tube Cleaners need have no fear of 
cleaner damaging tubes. That is because the new form cutters, used 
in Airetool Tube Cleaners, eliminate the tendency of the cutter to 
track. The periphery of the cutter is milled to divide sections of the 
circumference in teeth of various pitch, which prevents the cutters 
finding same spot in a tube wall during each revolution—an exclusive 
Airetool development. 

Other Airetool Tube Cleaner features are: A 28% more powerful 
motor made possible by the Airetool Balanced Rotor and Power Seal, 
precision construction of finest alloy steels, ease of operation. Made 
for tubes 42” to 24” 1.D.; straight or curved. 


AIRETOOL TUBE EXPANDERS 


Airetool Tube Expanders are precision tools, made to efficiently and thoroughly 
perform any tube rolling operation. They are precision built of heat treated alloy steel, 
with @ maximum amount of torsional strength provided in the mandrel to resist the 
extreme twisting action and another special alloy steel in the roll to resist compression 
during the rolling operation. Made for tubes 42” to 12” 1.D.; straight or curved. 

Airetool offers a complete line of equipment for tube maintenance including tube 
jigs, gauges and calipers. 


WRITE DEPT. R FOR COMPLETE INFORMATION AND HELPFUL BULLETINS 


Airetool & Yost-Superior Factory Bldgs. 
SPRINGFIELD, OHIO 


MANUFACTURING 
COMPANY 


AIRETOO 




















tions is affccted. This is contrary to 
some other opinions expressed on this 
subject. In the case of the poisoning of 
the catalyst by water it appears that the 
dehydrogenation rate is even more af- 
fected by the poisoning action than 
cyclization. When the poisoning action 
is caused by the accumulation of poly- 
mer, which is probably the reason for a 
decline of activity in the course of a 
run, the two reactions are affected to 
much the same extent. The author is of 
the opinion that both reactions probably 
proceed on identical centers of catalyst 
surface. 


Catalytic Cracking of Pure Hydrocar- 
bons. B. S. GREENSFELDER AND H. H. 
Voce. Ind. & Eng. Chem. 37 (1945) pp. 
1038-43. 


A study of the cracking of individual 
hydrocarbons has been extended to the 
naphthenes or alicyclic hydrocarbons, 
which are prominent components of 
both petroleum fractions employed in 
commercial cracking. Eleven naphthenes 
were studied containing 6 to 18 carbon 
atoms. These were cracked over a silica- 


| zirconia-alumina catalyst. It was found 


that the naphthenes are susceptible to 
the action of the catalyst and that both 
the ring and any side chains contribute 
to the total cracking. The rate of crack- 
ing increases rapidly with increased 
molecular weight. Secondary reactions 


| of isomerization and saturation play an 


important part in determining the final 
products. Catalyzed cracking at 500° C. 
proceeds at about one thousand times 
the rate of thermal cracking, and there 
are significant differences in the product 
distributions observed. The data secured 
in the work are presented in consider- 
able detail in five tables and four figures. 


The Continuous Thermal Isomeriza- 
tion of a-Pinene in the Liquid Phase. 
T. F. Savicw anp L, A. Gotpsiatt. Jour. 
Amer. Chem. Soc. 67 (1945) pp. 2027-31. 


The isomerization of a-pinene in a 
continuous liquid-phase process was 
studied over the temperature range 200- 
500° C. The data indicate that the reac- 
tions take place throughout this tempera- 
ture range and that the yield of dipen- 
tene decreases and the yield of allo- 
ocimene increases with increasing tem- 
perature. The cyclization of allo-oci- 
mene to a- and B-pyronene occurs 
throughout the range of temperature in- 
vestigated. If the contact time is limited 
to that required for substantially com- 
plete conversion of a-pinene, the poly- 
merization reaction becomes relatively 
unimportant at reaction temperatures 
somewhat above 300° C. At incomplete 
conversions of a-pinene, the a-pinene is 
partially racemized. At any given tem- 
perature the same products are obtained 
in roughly the same yields for both 
vapor-phase and liquid-phase reaction. 


Studies in the Terpene Series. IV. 
Method for the Determination of Rings 
in Bicyclic Dihydroterpenes. Isomeriza- 
tion of Pinane in the Presence of Dilute 
Aqueous Salt Solutions. V. N. Ipatierr 
AND H. Pines. Jour. Amer. Chem. Soc. 67 
(1945) pp. 1931-34. 


A method of distinguishing terpene 
hydrocarbons containing three-, four- 
and five-membered rings within a six- 
membered ring is described. A rupture 
of the three-membered ring of cyclo- 
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HOMOGENIZER 


All of These Definitions Are Based on What The —+LOW-MASTER__ 


Is Doing Throughout Industry Today 


It is processing products that were thought impos- 
sible to homogenize and producing entirely new 


products in some cases. 


It is increasing the shelf life in others — cutting 
processing costs— improving quality and appear- 
ance and putting compatible and incompatible mate- 


rials into perfect homogeneous compounds. 
These accomplishments are possible because 


, THE FLOW-MASTER 


works on an entirely new and more scientific prin- 


ciple. It not only homogenizes but it blends — tex- 
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patible components 
stabile suspension 


rising if they are lighter than the vehicle 


To reduce oils or 


ments to minute 
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To homogenize is to put compatible or incom 


in a liquid media into 
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substance so that they will remain fixed, neither 


settling if they are heavier, or 

fats in a water vehicle to 
HTM ht Mme Lleol l(t Meolsle ME ome oMMeilyol-1¢7- Mil -Tummiilel) 
they form emulsions free from stratification, or 


To suspend pigments, minerals, or the like 


actions are accomplished in 
the FLOW-MASTER process by reducing all ele 
subdivision by, a series of 
actions, and then thoroughly coating all sur- 
faces with the vehicle. This enables them to 
defy the law of gravity although the solids 
may be heavier than the vehicle 
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turizes — emulsifies — stabilizes — grinds under 
steady, hydraulic pressure and also bleaches some 


products where necessary. 


These results are accomplished, not by pressure alone, 
but on a series of actions as the product passes from 
entrance to exit and under temperature control if 
desirable. Each successive 
action brings the product 


one step nearer perfection 





until the desired result is 






achieved. 





Third and Church Sts., Wilmington 50, Del. 








ELECTR'<AL 
INSULATING 
MATERIALS 


EMPIRE 


Varnished Materials. 








MICANITE 


Mica in various combinations 
with other materials, including 
Fiberglas.* 


PURE MICA 


Sheets and Forms. 


LAMICOID 


In various grades, including those 
used for instrument panels, Bake- 
lite-Fiberglas,* etc. 


LABEL ENGRAVING 
MATERIALS 


Black over white. 

White over black. 

Black over translucent. 

Black over translucent over red. 
SCARLET over white, etc. 


We have the production facilities 
to fabricate insulators from lam- 
inated phenolic sheets, rods and 
tubes and carry a large stock of 
these materials in Houston. 


GRAPHIC LAMICOID 


Flow charts, electrical wiring 
diagrams, piping diagrams, etc., 
printed on the SECOND sheet of 
Laminated Phenolic, with a pro- 
tective first transparent sheet. 


* Fiberglas—Trade-name Owens-Corning Fiber- 
gles Corp. 
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fenchene and of the four-membered ring 
in pinane occurs when these hydrocar- 
bons are heated with a 2 percent aque- 
ous solution of magnesium chloride at 
280 and 350° C. respectively, under pres- 
sure. The lower-boiling hydrocarbons 
obtained from the treatment of pinane 
and amounting to 20 percent of the total 
product, consist in all probability of 1- 
ethyl 2-isopropylcyclopentene. Isoborny- 
lane is stable toward the treatment with 
aqueous magnesium chloride at 425° C. 
When isocamphane is heated at 400° C. 
with aqueous magnesium chloride it re- 
tains the dicyclic ring structure; part 
of the isocamphane undergoes dehydro- 
genation. 

The Reaction of Aromatic Hydrocar- 
bons with Polyacetylglycosyl Deriva- 
tives of Hydrocarbons. C. D. Hurp AnpD 
W. A. Bonner. Jour. Amer. Chem. Soc. 67 
(1945) pp. 1977-79. 

Polyacetylglycosylbenzenes have been 
shown to react with benezene in the 
presence of aluminum chloride to yield 
the same 1, 1-diphenyl-1l-desoxyalditols 
as are obtained directly by the glycosy]- 
ation of benzene with sugar acetates or 
acetylated glycosyl halides. This con- 
firms the hypothesis that in these latter 


glycosylations that 1, 1-diphenyl-1l-de- 
soxyalditols arise from an intermediate 
glycosylzbenzene. Several members of a 
new class of mixed 1, 1-disubstituted 1- 
desoxy-alditols have been prepared and 
are described. 


The Glycosylation of Hydrocarbons by 
Means of the Grignard Reagent. C. D. 
Hurp ANd W. A. Bonner. Jour. Amer. 
Chem.. Soc. 67 (1945) pp. 1972-77. 


The paper is a further report on stud- 
ies of the combination of sugar and hy- 
drocarbons. The reaction between poly- 
acetylglycosyl halides and aliphatic or 
aromatic Grignard reagents has been 
shown to be a general one_ yielding 
methyldialkyl- or methyldiarylcarbinols 
and glycosylated hydrocarbons. The 
yields of the carbinol are quantitative 
and the yields of the glycosylated hydro- 
carbons are good. About three quarters 
of the crude glycosylation products con- 
sist of a low-rotating, crystalline B- 
anomer, and one fourth of a high-rotat- 
ing, sirupy a-anomer. The reaction ap- 
parently preceeds initially by interaction 
of the Grignard reagent with the car-+ 
bonyl groups but after all the ester 
groups have reacted a metathetical reac- 
tion begins at the halide function. 
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Butadiene Purification by Solvent Ex- 
traction. A. S. SmitH Anp T. B. Braun. 
Ind. & Eng. Chem. 37 (1945) pp. 1047-52. 

A study was made of the separation 
of butene isomers from butadiene in C, 
olefin systems. The apparatus and meth- 
od used to investigate solubility and 
distribution in C, olefin-solvent systems 
are described. Mixtures of solvent com- 
ponents were used to obtain solvents 
of the desired characteristics. Data are 
presented in the paper for three types of 
solvent solutions: miscible, immiscible, 
and a miscible mixture containing com- 
plex-forming salts. The inherently small 
differences in physical properties _ be- 
tween butadiene and the C, mono-olefins 
preclude the possibility of an_ ideal 
solvent. The choice of solvent must be 
made on the basis of an economic con- 
sideration. The data secured in the 
course of the work are presented in 
some detail in five tables and nine dia- 
grams. The authors note that the field 
of usefulness of liquid-liquid extraction 
is expanding rapidly, but that the 
theory is not so clearly understood as 
in the case of most other unit opera- 


tions. A discussion of extraction is 
therefore included in the paper, and 
some observations are made on the 


use of quaternary diagrams. 


Corrosion in Hydrofluoric Acid Alkyl- 
ation. M. E. Ho_mMBerc AND F. A. PRANGE. 
Ind. & Eng. Chem. 37 (1945) pp. 1030-33. 


The number of desirable materials of 
construction for anhydrous hydrofluoric 
acid service is small. Carbon steel is the 
basic material and is adequate for pres- 
sure vessels up to a temperature of ap- 
proximately 150° F.- Monel metal or 
monel-clad steel is the desirable mate- 
rial for higher temperatures. Cupro- 
nickel may be particularly suitable for 
heat-exchanger tubes. Monel is the de- 
sired material for valve trimming in 
severe service. Materials to be avoided 
are of three classes. The first is made of 
straight chrome stainless steels and cop- 


per alloys (except cupronickel) that 
are velocity sensitive in anhydrous hy- 
drofluoric acid and in high concentra- 
tions of the acid. The second class are 
those materials attagked by intergranu- 
lar corrosion, and include Hastelly A 
and Hastelly B, cast iron, and high-zinc 
uninhibited brasses. The third class, 
materials used for piping and fittings 
that are brittle or notch sensitive, in- 
clude free-machining steel, high- phos- 
phorus steel, and other steels of simi- 
lar properties. 


Nonbenzenoid Hydrocarbons in Re- 
cycle Benzene. J]. R. ANDERSON, ALBERTA 
S. JONES, AND C. J. ENGELDER. /nd. & Eng. 
Chem. 37 (1945) pp. 1052-3. 

In the preparation of ethylbenzene by 
the catalytic ethylation of benzene, a 
high molar ratio of benzene to ethylene 
is maintained in order to minimize 
polyethylation. The excess benzene is 
recycled after rectification and the addi- 
tion of new benzene. It has been ob- 
served that recycle benzene gradually 
deteriorates in quality. Since it was be- 
lieved that this deterioration in recycle 
benzene was caused, at least in part, by 
the accumulation of saturated nonben- 
zenoid hydrocarbons, a study of the im- 
purities in this classification was under- 
taken. The investigation indicated that 
some of the lower-boiling paraffins, such 
as 2-methylpentane, 3-methylpentane, 
n-hexane, are introduced during the 
ethylation process. However, most of the 
naphthenes, except cyclohexane, present 
in the original benzene were found to 
be removed to a large extent. 


Crystal Behavior of Paraffin Wax. 
S. W. Ferris anp H. C. Cowes. Ind. & 
Eng. Chem. 37 (1945) pp. 1054-62. 

The authors point out that regardless 
of the wealth of experience, endless dif- 
ficulties have arisen in the practice of 
pressing and sweating. Apparently simi- 
lar wax distillate behave differently, 
one perhaps yielding a hard, dry cake 
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on pressing while another gives a soft, 
salvy cake. Slack wax from the latter 
type of cake almost invariably behaved 
unsatisfactorily when sweated. The au- 
thors review the literature of the sub- 
ject and discuss many of its aspects. 
Evidence is presented in support of the 
following theory: Petroleum waxes com- 
prise mixtures of hydrocarbons belong- 
ing to various homologous series. The 
members of each series crystallizes simi- 
larly, as plates, as needles, or as mal 
crystals. if but one of these types is 
present, the crystal form remains the 
same regardless of such factors as 
amount or kind of solvent. If tlie types 
are mixed, and if the solubility relation- 
ships are such that more than one type 
can crystallize simultaneously, either the 
needle or the mal formed can impress 
its form on the plate. If, on the other 
hand, sufficient solvent is present to 
maintain needles and mals in solution 
until plates are well established, mals 
and needles can then deposit upon, and 
thus take the form of plates. Forty-eight 
figures are presented showing micro- 
photographs of waxes of different types 
and existent under different conditions. 


Ethyl Alcohol Made from Refinery 
Ethylene. EpitortaL Starr. Chem. & Met. 
Engr. 52 (1945) pp. 96-98 and 136-139. 


The plant for production of ethyl al- 
cohol from ethylene at the Baton Rouge 
refinery of the Standard Oil Company 
of Louisiana is described. It was com- 
pleted and began the production of 190- 
192 proof ethyl alcohol in March_ of 
1943. Ethylene is scrubbed and purified, 
and piped in gaseous form direct to proc- 
essing in the alcohol plant. It contacts 
90 percent sulfuric acid in an absorber, 
thus forming monoethyl and diethyl 
sulfates. The esters leaving the bottom 
of the absorber are pumped into the 
bottom of a hydrolyzer column along 
with a measured volume of water. There 
they are converted to alcohol, ethyl 
ether, weak sulfuric acid, and small 
quantities of other materials. The dilute 
solution is steam stripped to remove al- 
cohol, ether and a small quantity of 
acidic material. Sulfuric acid is even- 
tually recovered and concentrated for re- 
use. The vapor of alcohol and ether con- 
taining acidic impurities is purified by 
concentrating with caustic soda. Ether 
is separated from the alcohol by distilla- 
tion. Alcohol is separated from wa- 
ter by the usual process of frac- 
tionation taking 190 proof alcohol as 
the overhead. A flowsheet of the process 
is presented, as well as a number of 
photographs showing the plant equip- 
ment. 


Code of Electrical Practice for the Pe- 
troleum Industry. A. D. MacLean. Jour. 
Inst. Petr. 31 (1945) pp. 379-92. 

The author gives an account of the 
work of the Committee of the Institute 
of Petroleum designated to draft a code 
of electrical practice, and indicates the 
form and scope of the code and some of 
its more important aspects. The code in- 
cludes four main sections: the introduc- 
tion, describing the scope and purpose 
of the code; II, definitions of the terms 
requiring to have specific meanings at- 
tached to them; III, ex xplanatory sched- 
ules to describe the purpose of the rules; 
and IV, the rules themselves. Section 
IV, rules, is divided into four main 
series; series 100 are of general applica- 
tion, and are subdivided into those that 
apply in any area and those that are 
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made its runs in “record time”. But you can’t imagine 


it pulling a streamlined train of 1946. 


The record of refinery production, too, has outgrown 
any but the most modern equipment. Modernizing 
existing heaters is an Alcorn speciality. Many such 
Alcorn-treated heaters are now in successful opera- 
tion in all types of service. Bring your heater equip- 


ment up to record production—bring your heater 
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SERVICE 
FOR THE WORLD'S 
FINEST WATER SYSTEMS 


When the call comes for repairing, servicing 
or the reconditioning of a Well Water Sys- 
tem, Layne goes into action with every type 
of modern equipment used by the industry 
—plus the largest and most thoroughly 
trained crews ever assembled. And as an 
extra advantage, these men have for guid- 
ance a completely detailed plan or record 
of every well and pump installed by Layne. 
This is the kind of service that adds so much 
plus value to the choice of a Layne Well 
Water System. 

Every owner of a Layne Well Water Sys- 
tem or a Layne Vertical Turbine Pump can 
always be assured of efficient repair service 
with a minimum loss of time—and at mini- 
mum expense. 

lf your Well Water System is in need of 
repairs or should be reconditioned to pro- 
duce more water, write, wire or phone for 
service information. If you are considering a 
new water system, ask for late literature. 
Address Layne & Bowler, Inc., General Of- 
fices, Memphis 8, Tenn, 


HIGHEST EFFICIENCY 


Layne Vertical Turbine Pumps are 
now available in sizes to produce 
from 40 to 16,000 gallons of water 
per minute. Their high efficiency 
saves hundreds of dollars on power 
cost per year. 

AFFILIATED COMPANIES: Layne- Arkenese Co., 


. Stuttgart. Ark. * Layne-Atiantic Co., Norfolk, 
Va. Layne-Central Co., Mem npnie, Tenn. * 


Layne-Northern Co. ehaweke, In 7 ne- 
Louisiana Co., Lake Charlie: La. * Louisiana 
Well Co., Monroe * Layne- -New York Co., 


New Lig: Me * Layne- -Northwest Co., Mil- 


waukee, V Ohio Co., Columbus, Ohio 
. Layee. “gag Co., Hoaston Texas * Layne- 
Weste ity. * Layne-Western 
‘o Minnea oomas Minn. * Interna 


Canada * Layne- pano- “Americana, S. 
Mexico, D. F. 





WELL WATER SYSTEMS 
VERTICAL TURBINE PUMPS 
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specific to a dangerous area. Series 200 
deals with precautions for the avoidance 
of danger from static in relation to 
process plants, pipe lines, tanks, ships, 
road or rail vehicles, and other points 
where a dangerous atmosphere may be 
present or may arise. Series 300 deals 
with protection against lightning in re- 
lation to oil tanks, buildings, and tele- 
phone lines where a dangerous atmos- 
phere may arise. Series 500 is devoted 
entirely to oil-field practice. 


Polymerization of Alpha - Methylsty- 
rene. A. B. Herssercer, J. C. Rem, AND 
R. G. Hemicmann. Ind. & Eng. Chem. 37 
(1945) pp. 1073-78. 


The large-scale manufacture of low- 
cost cumene (isopropylbenzene) per- 
fected for aviation gasoline is also a 
potential basis for the manufacture of 
low-cost alpha-methylstyrene. a-Methyl- 
styrene was homopolymerized by solu- 
tions of Friedel-Crafts catalysts in or- 
ganic solvents at temperatures as low 


as —130° C. to molecular weights as 
high as 84,000. The highly polymerized 
product includes a wide range of mole- 
cular weights as shown by distribution 
curves based on fractional precipitation. 
The polymer is not distorted in boiling 
water and has a higher fusion point than 
polystyrene but is inferior in strength 
to the latter. A copolymer of isobutylene 
and a-methylstyrene that can be formed 
into thin, strong, flexible sheets has been 
made by the same polymerization tech- 
nique. The emulsion copolymerization of 
butadiene and a-methylstyrene yields 
an elastomer comparable to that now 
obtained from butadiene and styrene; 
the optimum ratio of butadiene to 
a-methylstyrene contains a greater por- 
portion of butadiene than is used in 
making polymers with styrene. In this 
copolymerization a-methylstyrene has 
advantages of stability and ease of han- 
dling when compared to styrene. The 
data secured in the course of the work 
are presented in some detail in six ta- 
bles and five figures, and a bibliography 
of 23 references is included. 





Products: Properties and Utilization 





Oxidation of Lubricating Oils. G. H. 
Dentson, Jr. AND P. C. Conoit. Ind. & 
Eng. Chem. 37 (1945) pp. 1102-8. 


In a previous paper the authors found 
that the oxidation stability of normally 
refined petroleum lubricating oils is the 
result of small quantities of naturally 
occurring sulfur compounds and not of 
any inherent stability of the hydrocar- 
bon fraction itself. In the present work 
the reactions by which organic sulfur 
compounds stabilize normally refined 
lubricating oils against oxidation were 
studied. Monothioethers, which contain 
at least one aliphatic or cycloaliphatic 
group attached to the sulfur atom, ap- 
pear to be the most effective sulfur- 
type antioxidants tested. Their effective- 
ness seems to vary with the rapidity 
with which they reduce peroxides. The 
thioethers studied were. relatively re- 
sistant to autoxidation but susceptible to 
oxidation by peroxides. Thioethers func- 
tion as inhibitors as the result of reduc- 
ing peroxides, thus breaking the oxida- 
tion reaction chain. In this reaction 
thioethers are converted to sulfoxides 
and probably to suflones. The later two 
types of compounds are readily autoxi- 
dized and in part are thus converted to 
sulfonic acids. In addition to reacting 
with peroxides, the sulfoxide formed 
also reacts or condenses with oil hydro- 
carbons to give oil-soluble products. 
These were not identified. The data se- 
cured in the course of the work are pre- 
sented in 14 figures and 5 tables. A 
bibliography of 17 references is in- 
cluded. 


Octane Number and Lead Susceptibil- 
ity of Gasoline. C. Hottoway, Jr. AND 
W. S. Bonneii. Ind. & Eng. Chem. 37 
(1945) pp. 1089-91. 


Small quantities of organic sulfur are 
instrumental in lowering the octane 
number and decreasing the lead sus- 
ceptibility of gasolines. In order to de- 
termine whether organic chlorine in 
gasoline might have a similar effect, syn- 
thetic samples containing from 0 to 1.0 
percent chlorine as organic chlorides 
were prepared and tested to determine 
motor-method octane number, lead sus- 
ceptibility, corrosion, and gum. It was 


found that the gum and corrosion tests 
were negative at chlorine concentrations 
of 0.1 percent by weight and lower. 
However, the effect of organic chlorides 
on the lead susceptibility was so much 
as to indicate that chlorine should not 
be tolerated in gasoline above 0.001 
weight percent, although this limit may 
be raised somewhat depending on 
whether the particular chlorides present 
are normal, secondary, or tertiary. Work 
done on another gasoline, using 1-C 
aviation-method octane ratings indicatéd 
approximately the same permissible con- 
centration, both for organic chlorides 
and for a number of organic sulfur com- 
pounds. The data secured in the work 
are presented in some detail in three 
tables and three figures. 


Redwood Products as Inhibitors of 
Oxidation in Petroleum Hydrocarbons. 
H. F. Lewis, M. A. BucHanan, E. F. 
KurtH, AND D. FronmMutyer. Ind. & Eng. 
Chem. 37 (1945) pp. 1108-11. 


Redwood tannins that are solvent- 
purified are effective in preventing the 
oxidation of cyclohexene but are of little 
value in protecting gasoline because of 
their solubility characteristics. Products 
prepared by reacting the tannin with 
benzoyl chloride, caproyl chloride, chlo- 
roacetic acid, formaldehyde, and amines 
appear to have little interest as antioxi- 
dants. Condensation of tannin with acetone 
or other ketones results in a good yield 
of ether-soluble products that are good 
inhibitors for cyclohexene. However, the 
addition of water to the treated cyclo- 
hexene results in the loss of approxi- 
mately half of the inhibiting action. 
Products obtained by condensing cat- 
echol with acetone have excellent inhib- 
iting properties and appear as promising 
antioxidants for gasoline. 


Mercurial Fungicide Wax Problems. 
W. F. Horner, F. R. Koppa, anp H. W. 
Hersst. Ind. & Eng. Chem. 37 (1945) pp. 
1069-73. 

The article considers experiences in the 
use of compositions to prevent deterior- 


ation of military equipment from mois- 
ture and fungi. Fungus growth closely 
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It says 


“STOP” to Solids-— 
“GO” to Fluids 





A BETTER Strainer to “police your pipelines” 
e FIRST— The Screen, a high-grade woven Monel 
wire basket that Catches solids—lets conden- 
sate, oil or other fluids flow freely. 

¢ SECOND— Finish. Cadmium plated inside and 
out for protection against corrosion. 

e THIRD — Easily Cleaned. Blow-off bushing 
made for easy removal. Bushing and Screen 
come out together. Screen automatically aligns 
on reassembly. 

e THOUSANDS IN SERVICE—Sold by over 100 
Mill Supply Houses. 

6 sizes from 14" to 2” for pressures up to 600 
lb. Reasonably priced. See your supply house 
or write for Bulletin S-200. 


YARNALL-WARING COMPANY 
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parallels the fungicide concentration in 
microcrystalline waxes. High tempera- 
tures rapidly deplete the fungicide con- 
centration in these waxes. At 105° C. 
mercurial fungicides afford the best pro- 
tection in the following order: phenyl- 
mercuric stearate, phenylmercuric salicy- 
late, pyridylmercuric stearate. At 125° C. 
the order of protection is: phenylmer- 
curic stearate, phenylmercuric salicylate, 
pyridylmercuric stearate. The minimum 
amount of fungicide in waxes necessary 
to provide protection against fungus 
growth is as follows: pyridylmercuric 
stearate, about 0.35 percent; phenylmer- 
curic salicylate, about 0.10 percent; 
phenylmercuric stearate, about 0.08 per- 
cent. The data secured in the work are 
presented in eight figures, as well as a 
series of photographs of the mycological 
test. 


Determination of Ethylene. A. W. 
Francis AND S. J. Luxasrewicz. Ind. & 
Eng. Chem., Anal. Ed. 17 (1945) pp. 703-4. 


The various reagents used for the ab- 
sorption of ethylene are briefly reviewed. 
Bromine and fuming sulfuric acid are 
unsatisfactory because they attach paraf- 
fins. A reagent that satisfies the require- 
ments of complete irreversibility and 
selectivity for olefin gases is a solution 
made by dissolving 57 grams of mercuric 
sulfate in 200 grams of 22 percent sul- 
furic acid, or by dissolving 41 grams of 
mercuric oxide in 216 grams of 29 per- 
cent sulfuric acid. The reagent so pre- 
pared does not attack paraffins; it ab- 
sorbs ethylene irreversibly, and it does 
not absorb carbon monoxide or hydro- 
gen. Carbon dioxide and olefins heavier 
than ethylene should be preliminarily re- 
moved from the gas sample. The reagent 
can also be used for determination of 
total olefins. 


An Improved Gas Absorber. P. J. 
Etvinc AND T. L. Sremn. Ind. & Eng. 
Chem., Anal. Ed. 17 (1945) pp. 722-3. 


An absorber of the contact gas type 
is described that can be used to deter- 
mine butadiene in gaseous mixtures that 
are suitable for analysis by the Tropsch- 
Mattox or similar absorbers and is also 
applicable to other methods of gas 
analysis in which a minimum amount 
of reagent is to be used with efficient 
absorption. A detailed description of the 
apparatus is given and the procedure to 
be followed in the determination of buta- 
diene is outlined. 


Apparatus and Procedure for Tech- 
nical Butadiene Analysis. C. L. Grecc. 
Ind. & Eng. Chem., Anal. Ed. 17 (1945) 
pp. 728-30. 

For the gas volumetric determination 
of butadiene with molten maleic anhy- 
dride, a bead-packed Hempel pipet-type 
absorber is used in place of the conven- 
tional U-tube absorber. The apparatus is 
regarded as simpler, the absorption of 
butadiene is more rapid because of 
greater contact area between reagent 
and gas, the manipulation is easier and 
relatively trouble-free, and operating 
efficiency is increased through reduction 
of strain on the operator. The apparatus 
is adaptable to combination with other 
apparatus for more complete analysis of 
gas samples. The apparatus is described 
in some detail and is presented in the 
form of two figures giving details of the 
pipette and assembly of the complete 
apparatus. 
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A boiler feed pump in a Philadel- 
phia plant ceased to deliver. Inspec- 
tion showed that the valve seat had 
become loose, worked up and down 
and worn out the threading. 


To obtain a new oversize seat would 
have meant long delay. The engineer 
remembered Smooth-On No. 1 Iron 
Repair Cement. He had the worn valve 
seat cleaned, then reset it with 
Smooth-On and let it stand overnight 
... next morning the pump went back 
into regular service. Three years later 
the valve was reported still working 
perfectly under 125 Ibs. pressure at 
200° F. 


Smooth-On No. 1 has been sealing 
cracks, stopping leaks, tightening 
loose parts and fixtures in mill, plants 
and factories for the past 50 years. 
A standby with engineers, mechanics 
and maintenance men for both emer- 
gency and routine repairs. Effective, 
lasting, inexpensive. Your supply house 
has it in 1-, 5-, 25- and 100-Ib. sizes. 
If not, contact us. 


somw| FRE E 


Famous Repair 
HANDBOOK 


Over 1,000,000 already put 
in circulation. Clear, con- 
—_ cise directions for dozens of 
practical, tested, shortcut re- 
pairs made without heat. 40 


Power Plant pages. 170 diagrams. Pocket 


size. Just mail the coupon 




















SM DOTH-ON MFG. CO., Dept. 11 
570 Communipaw Ave., Jersey City 4, N. J. 
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Eberhardt Made Vice President 
Of Walter Kidde & Company 

Paul W. Eberhardt has been elected 
a vice president of Walter Kidde & 
Company. His duties 
will include man- 
agement of domestic 
sales of the com- 
pany’s fire-fighting 
equipment in avia- 
tion and general in- 
dustry, together with 
general supervision 
of field selling ac- 
tivities. 

Eberhardt joined 
the company in 1926 
as manager of the 
public utility depart- 
ment, having had 
previous experience 
with a power com- 
pany following schooling at Carnegie 
Institute of Technology and University 
of Pennsylvania. In 1928 he was made 
manager of the industrial department 
(with which the public utility depart- 
ment was then combined) and early in 
1944 was given responsibility for the 
activities of the field sales force cover- 
ing industrial and utility sales. 





P. W. Eberhardt 


Solvay Process Company 
Expanding Research 

Solvay Process Company, subsidiary 
of Allied Chemical & Dye Corporation, 
shortly will commence construction of 
a new research laboratory within the 
plant site at Syracuse to house the re- 
search organization of its alkali division. 
The laboratory of the nitrogen division 
is at Hopewell, Virginia. : 

The company plans to expand its re- 
search program and to increase its re- 
search organization. 


Anchor Company Organizes 
Petroleum Export Unit 

David L. Gordon and W. C. Hille- 
brand, Jr., have associated with Anchor 
Petroleum Company, Tulsa, in organiz- 
ing Anchor Oil Company, with head- 
quarters at Houston. The new company 
will handle world-wide distribution of 
all petroleum products, including lique- 
fied petroleum gas. 

Gordon entered the oil business in 
1938 as vice president and general man- 
ager of Refiners Export Company. In 





D. L. Gordon W. C. Hillebrand, Jr. 
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1942 he became Gulf Coast representa- 
tive for Anchor Petroleum Company, 
and in 1945 became a vice president of 
that company. 

Hillebrand joined the sales department 
of Galena-Signal Oil Company of Texas 
in 1921, and subsequently has held sales 
positions with Crown Central Petroleum 
Corporation, Deepwater Oil Refineries, 
and Maritime Oil Company. 


Hooker Electrochemical Company 
Assigns Cain to Chicago 


Hooker Electrochemical Company of 
Niagara Falls, recently has assigned 
Charles Y. Cain to the sales territory 
in the vicinity of Chicago. A graduate 
of the University of Maine, he has spent 
a number of years in the Niagara plant 
and in the Niagara sales office prior to 
his assignment as a salesman. 


Elliott Company Appoints 
Van Dyke New Products Manager 

Appointment of Bingham H. Van 
Dyke as manager of the new products 
department has been announced, by 
Elliott Company, Jeannette, Pennsyl- 
vania. 

Previously assistant to the director of 
research and development, Van Dyke 
came to Elliott Company from the War 
Production Board where he was deputy 
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They align pipe perfectly and hold it secure 
for tacking. On in a minute—off in ten 
seconds. Two sizes, 4% to 8 in. —8 to 16 in. 
a construction resists strain, heat, and 
abuse. 


Other Jewel Clamps for Ells, long and short 
turn — for Flanges — for Headers. Also Pipe 
—. eliminates patterns for holes and 
saddles. 


So simple -—so easy to use — Jewel Tools 
are proving big time-savers in refinery pip- 
ing fabrication and erection. 


Write Today for Details and Prices. 


JEWEL Manufacturing Company 
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